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Isolaied nucleic acid molecules, designated MCT nucleic acid molecules, which 
encode novel MCT proteins firom Corynebacierium gluiamicum are described. The 
invention also provides aniisense nucleic acid molecules, recombinant expression 
vectors containing MCT nucleic acid molecules, and host cells into which the expression 
vectors have been introduced. The invention still further provides isolated MCT 
proteins, mutated MCT proteins, fusion proteins, antigenic peptides and methods for the 
improvement of production of a desired compound from C. gluiamicum based on 
genetic engineering of MCT genes in this organism. 
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CORYNEBACTERWM GLUTAMICUM GENES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 

Background of the Invention - 

5 . - Cenain products and by-produas of naturally-occurring metabolic processes in 
cells have miliiy in a wide array of industries, including the food, feed, cosmetics, and 
pharmaceurical industries. These molecules, collectively termed Tme chemicals'', ' 

include organic acids, both proieinogenic and non-proieinogenic amino acids, 
nucleotides and nucleosides, lipids and fatty acids, diols. carbohydrates, aromatic 
10 compounds, viiamins and cofeCTors. and en2ymes. Their production is most 

conveniently performed through the large-scale culmre of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One particularly useful 
organism for this purpose is Corynebacteriwn gluiamicum, a gram positive, 
nonpathogenic bacterium. Through strain selection, a number of mutant strains have 
been developed which produce an array of desirable compounds. However, selection of 
strains improved for the production of a panicular molecule is a time-consuming and ~ 
difficult process. 



Summary of the Invention 

This invention provides novel nucleic acid molecules which may be used to 
identify or classify Corynebaaerium glvtamicum or related species of baaeria. C 
gluiamicum is a gram positive, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The ^ 
nucleic acid molecules therefore can be used to identify microorganisms which can be 
used to produce fme chemicals, e.g., by fennentaiion processes. While C. gluiamicum 
itself is nonpathogenic, it is related to other Corynebacierium species, such as 
Corynebacrerium dipfiTherioe (the causative agent of diphtheria), which are imponanT 
human pathogens. ITie ability to identify the presence of Corynebacterium species 
therefore also can have significant clinical relevance, e.g., diagnostic applications. 
Funher, these nucleic acid molecules may serve as reference points for the mapping of 
The C . gluiamicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as 
rnembrane construction and membrane transpon (MCT) proteins. These MCT proteins 
are capable of, for example, performing a function involved in the metabolism (e.g:, the 
biosynthesis or degradation) of compounds necessary for membrane biosynthesis, or of 
assisting in the o-ansmembrane transpon of one or more compounds either into or out of 
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the cell. Given the availability of cloning vectors for use in Coryne bacterium 
glliamicum. such as those disclosed in Sinskey et al.. U .S. Patent No. 4,649.1 1 9. and 
techniques for genetic manipulation of C gluramicum and the related Brtvibacttrnwrt 
species (e.g., laaofermenrum) (Yoshihama ei al, J. Sacieriol. 162: 591-597 (1985); 
5 Katsumata et al.. a Bocwrio/. 159: 306-311 (1984), and Saniamaiia ei al.,y. Gen. 

Microbiol. 130: 2237-2246 (1984JJ, the nucleic acid molecules of the invention may be 
utilized in the genetic engineering of this organism to make it a bener or more efficient 
producer of one or more fine chemicals. This improved production or efficiency of 
production of a fine chemical may be due to a direct effect of manipulation of a gene of 
10 the invention, or it may be due to an indirect effea of such manipulation. 

There are a number of mechanisms by which the alteration of an MCT protein of 
the invention may directly affect xhe yield, production, andyor efficiency of production 
of a fine chemical from a C: g/utamicum strain incorporating such an altered protein. 
Those MCT proteins involved in the export of fine chemical molecules from the cell 
15 , may be increased in number or activity such that greater quantities of these compounds 
are secreted to the extracellular medium, from which they are more readily recovered. 
^ Similarly, those MCT proteins involved m the import of nutrients necessary for the 
biosynthesis of one or more fine chemicals (e.g., phosphate, sulfate, nitrogen ^ 
compounds, etc.) may be increased in number or activity such that these precursors, 
20 cofactors, or inieimcdiate compounds are increased in cbncemraxion within the cell. 

Further, fatty acids and lipids themselves are desirable fine chemicals; by optimizing tiie 
activity or increasing the number of one or more MCT proteins of the invention v.hich 
panicipaie in the biosynthesis of these compounds, or by impairing the activity of one or 
more MCT proteins which are involved in the degradation of these compounds, ii.may 
25 be possible to increase the yield, production, and/or efficiency of production of fany 
acid and lipid molecules from C. glutamtcum. 

The mutagenesis of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the produaion of one or 
more desired fine chemicals from C.g/wamjci*»j. For exainple, MCT proteins of the 
30 invention involved in the export of waste produas may be increased in number or 

activity such that the normal meubolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) aie efficientiy exported before 
they are able to damage nucleotides and proteins within the cell (which would decrease 
the viability of ihe ceU) or to interfere with fine chemical biosyntheiic pathways (which 
35 would decrease the yicld^ production, or efficiency of production of the desired fine 
chemical). Further, the relatively large intracellular quantities of the desired fine 
chemical may in itself be toxic to the cell, so by increasing tiie activity or number of 
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ffansponers able to expon this compound from the cell, one may increase the viability of 
the cell in culture, in rum leading to a greater number of cells in the culture producing 
the desired fine chemical. The MCT proteins of the invention may also be manipulated 
such that the relative amounts of different lipid and fatty acid molecules are produced. 
5 This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical propenies, an alteration in the lipid 
composition of a membrane may significantly alter membrane fluidity. Changes in 
membrane fliudity can impact the transpon of molecules across the membrane, as well 

as the integrity of the cell, both of which have a profound effect on the production of 
10 fme chemicals fiom C. gluiamia4m in large-scale fermentative culture. 

The invention provides.novel riucleic acid molecules which encode proteins, 
^ refeixed to herein as MCT proteins, which are capable of. for example, panicipating in 
the metabolism of compounds necessary for the construction of cellular membranes in 
C.^/i*xa/n/CJ4m, or in the transport of molecules across these membranes. Nucleic acid 
1 5 molecules encoding an MCT protein are referred to herein as MCT nucleic acid 

molecules. In a preferred embodiment, the MCT protein participates in the metabolism 
of compounds necessary for the construction of cellular membranes in C. gluiamicum, 
or in the transpon of molecules across these membranes. Examples of such proteins 
include those encoded by the genes set fonh in Table 1 . 
20 Accordingly, one aspect of the invention pertains to isolated nucleic acid 

molecules (e.g.. cDN.As) comprising a nucleotide sequence encoding an MCT protein or 
biologically active portions thereof, as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection or amplification of MCT-encoding nucleic acid 
Ce.g., DNa ormRNA). In particularly preferred embodiments, the isolated nucleic acid 
25 molecule comprises one of the nucleotide sequences sex forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
particularly preferred embodiments, the isolated nucleic acid molecule of the invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
at least about 60%, more preferably at least about 70%, 80% or 90%, and even more 
30 preferably at least about 95%. 96%, 97%, 98%. 99% or more homologous to a 

nucleotide sequence set forth in Appendix A, or a portion thereof. In other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MCT proteins of the present invention 
also preferably possess at least one of the MCT activities described herein. 

In another einbodimeni, the isolated nucleic acid molecule encodes a protein or 
portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of Appendix B, e.g.. 
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sufficiently homologous to an amino acid sequence of Appendix B such that the protein 
or portion thereof maintains an MCT activity. Preferably, the protein or portion thereof 
encoded by the nucleic acid molecule maintains the ability to participate in the 
metaboUsm of compounds necessary for the construaion of cellular membranes in C 

5 glujomicum, or in the transpon of molecules across these membranes. In one 

embodiment, the protein encoded by the nucleic acid molecule is at least about 50%, 
preferably at least about 60%. and more preferably at least about 70%. 80%, or 90% and 
most preferably at least about 95%, 96%. 97%. 98%. or 99% or more homologous to an 
amino acid sequence of Appendix B (e.g., an entire amino acid sequence selected from 

1 0 those sequences set forth in Appendix B). In another preferred embodimem, the protein 

is a Ml length C. gluiamicum protein vvhich is substantially homologous to an entire 
, amino acid sequence of Appendix B (encoded by an open reading fram£ shown in 

Appendix A). 

In another preferred embodiment, the isolated nucleic acid molecule is derived 
15 from C gluramk um and encodes a protein (e.g., an MCT fiision protein) which includes 
a biologically active domain which is at least about 50% or more homologous to one of 
the amino acid sequences of Appendix B and is able to panicipate in the metabolism of 
compounds necessary for the construction of cellule membranes in C glvtamicuw, or in 
the transport of molecules across these membranes, or has one or more of the activities 
20 set forth in Table 1 , and which also mcludes heterologous nucleic acid sequences 
encoding a heterologous polypeptide or regulatory regions. 

In another embodiment, the isolated nucleic acid molecule is at least 15 
nucleotides in length and hybridizes under snringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated 
25 nucleic acid molecule corresponds to a naiurally-occuiring nucleic acid molecule. More 
preferably, the isolated nucleic acid encodes a naturally-occurring C. glutamicum MCT 
protein, or a biologically active poniottihereof. 

Another aspect of the invention pertains to vectors, e.g., recombinant expression 
vectors, containing the nucleic acid molecules of the invention, and host celU.into which 
30 such vectors have been introduced. In one embodiment, such a host cell is used to 
produce an MCT protein by culiuring the host cell in a suitable medium. The MCT 
protein can be then isolated from the medium or the host cell. 

' Yet another aspect ofxhe invention pertains to a genetically altered 

microorganism in which an MCT gene has been introduced or altered. In one 
35 embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated MCT sequence as 
a transgene. In another embodiment, an endogenous MCT gene within the genome of 
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the microorganism has been altered, e.g.. functionally disrupied, b> homologous 
recombination with an altered MCT gene. In a preferred embodiment, the 
microorganism belongs to the genus Corynebacferium or Brevibacierium, with 
Corynebacrerium gluramicum being particularly preferred. In a preferred embodiment. 
5 the microorganism is also utilised for the production of a desired compound, such as an 
amino acid, with lysine being particularly preferred. 

Siill another aspect of the invention pertains to an isolated MCT protein or a 
portion, e.g., a biologically active portion, thereof, in a preferred embodiment, the 
isolated MCT protein or ponion thereof can participate in the metabolism of compounds 
1 0 necessary for the construction of cellular membranes in C. gluramicum, or in the 

transport of molecules across these membranes. In another preferred embodiment, the 
, isolated MCT protein or portion thereof is sufficiently homologous to an amino acid, 
sequence of Appendix B such that the protein or ponion thereof maintains the abUity to 
participate in the metabolism of compounds necessary for the construction of cellular 
1 5 membranes in C. glutamicum, or in the transpon of molecules across these membranes. 
The invention also provides an isolated preparation of an MCT protein. In 
preferred embodiments, the MCT protein comprises an amino acid sequence of 
Appendix B. In another preferred embodiment, the invention pertains to an isolated full 
length protein >yhicb is substantially homologous to an entire amino acid sequence of 
20 Appendix B (encoded by an opeii reading frame set forth in Appendix A). In yet 

another embodiment, the protein is at least about 50%, preferably at least about 60%. 

and more preferably at least about 70%, 80%, or 90%, and most preferably at least about 
95%, 96%, 97%, 98%, or 99% or more homologous lo an entire amino acid sequence of 
Appendix B. In other embodiments, the isolated MCT protein comprises an iamino acid 
25 sequence which is at least about 50% or more homologous to one of ihe amino acid 
sequences of Appendix B and is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C. glutamicum, or in the 
transpon of molecules across these membranes, or has one or more of the activities set 
forth in Table 1. 

IQ Alternatively , the isolated MCT protein can comprise an amino acid sequence 

which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
stringent conditions, or is at least about 50%, preferably at least about 60%, more 
preferably at least about 70%. 80%, or 90%. and even more preferably at least about 
95%, 96%, 97%, 98,%, or 99% or more lionaologous, to a nucleotide sequence of 

35 Appendix B. It is also preferred that the preferred forms of MCT proteins also have One 

or more of the MCT bioactiviries described herein. 



The MCT polypeptide, or a biologically active portion ihereof, can be 
operatively linked to a noh-MCT polypeptide to form a fiision protein. In preferred 
embodiments; this fusion protein has an activity which differs from that of the MCT 
protein alone. In other preferred embodiments, this fusion protein participate in the 
5 metabolism of compounds necessary for the consiruaion of cellular membranes in C 
glujamicum, or in the transpon of molecules across these membranes .In panicularly 
preferred embodiments, integration of this fusion protein into a host cell modulates 
production of a desired compound from the cell. 

Another aspea of the invention pertains to a method for producing a fine 
0 chemical. This method involves.the culturing of a cell containing a vector directing the 
expression of an MCT nuclek acid molecule of the invenuon. such that a fine chemical 
is produced. In a preferred embodiment, this method frinher includes the step of 
obtaining a cell containing such a vector, in which a cell is nansfected with a vector 
directing the expression of an MCT nucleic acid. In another preferred embodiment, this 
15 method further includes the step of recovering the fine chemical from the culture. In a 
particularly preferred embodiment, the cell is from the genus Corynebacierium or 
Brevibacierium, or is selected from those saains set forth in Table 3. 

Another aspect of the invention pertains to methods for modulating production of 
a molecule from a microorganism. Such methods include contacting the cell with an 
20 agent which modulates MCT protein acjivixy or MCT nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
agent. In a preferred embodiment, the ceU is modulated for one or more C gluiamicum 
metabolic pathways for cell membrane components or is modulated for the transport of 
compounds across such membranes, such that the yields or rate of production of a 
25 desired fine chemical by this microorganism is improved. The agent which modulates 
MCT protein aaiviiy can be an agent which stimulates MCT protein activity or MCT 
nucleic acid expression. Examples of agents which stimulate MCT protein activity or 
MCT nucleic acid expression include small molecules, active MCT proteins, and nucleic 
acids encoding MCT proteins that have been introduced into the cell. Examples of 
30 agents which inhibit MCT activity or expression include small molecules and antisense 

MCT nucleic acid molecules. 

. Another aspeaofihe invention pertains to methods for modulating yields of a 

desired compound from a cell, involving the introduction of a wild-type or mutant MCT 
gene into a cell, either maintained on a separate plasmid or integrated into the genome of 
35 the host cell. If integrated into the genome, such integration can be random, ox: it can 
take place by homologous recombination such that the native gene is replaced by the 
introduced copy, causing the production of the desired compound from the cell to be 
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modulated. in a preferred embodimem, said yields are increased. In another preferred 
embodimeni, said chemical is a fine chemical. In a panicularly preferred embodimem. 
said fine chemical is an amino acid. In especially preferred embodiments, said amino 
acid, is L-lysine. - 

5 ■ . ■ 

Detailed Description of the Invenrion 

The present invention provides MCT nucleic acid and protein molecules which 
are involved in the metabolism of cellular membrane components in C. gluiamicum or 
in the transpon of compounds across such membranes. The molecules of the invention 

1 6 may be utilized in the modulation of production of fine chemicals from microorganisms. 
such as C glutamicum, either directly (e.g., where overexpression or optimization of a 
faity acid biosynihesis protein has a direct impact on the yield, production, and/or 
efficiency of production of the fatty acid from modified C gluiamicum), or an indirect 
impact which nonetheless results in an increase of yield, production, and/or efficiency of 

15 production of the desired compound (e.g., -where modulation of the metabolism of cell 
membrane components results in alterations in the yield, production, and/or efficiency of 
production or the composition of the cell membrane, which in turn may impaa the 
^ production of one or more fine chemicals). Aspects of the invention are further 
explicated below- 

20 - . 

1. jine Chemicals 

The term 'fine chemical' is art-recognized and includes molecules produced by 
an organism which have applications in various industries, such as, but not limited to, 
the pharmaceutical, agriculmre, and cosmetics industries. Such compounds include 

25 organic acids, such as tartaric acid; iiaconic acid, and diaminopimelic acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrimidine bases, 
nucleosides, and nucleotides (as described e.g. in Kuninaka, A. (1 996) Nucleotides and 
related compounds, p. 561 -612. in Biotechnology vol. 6, Rehm et al.. eds. VCH: 
Weinheim. and refereiwes contained therein), lipids, both sanirated and unsaturated fany 

30 acids (e.g., arachidonic acid), diols (e.g.. propane diol, and butane diol), carbohydrates 
(e.g., hyaluronic acid and trehalose), aromatic compoimds (e.g., aromatic amines, 
vanillin, and indigo), vitamins and cofaaors (as described in Ulimann's Encyclopedia. of 
Industrial Chemistry, vol. A27, '-Viiamins". p. 443-613 (1996) VCH: Weinheim and 
references therein; and Ong. A.S.. Niki. E. & Packer. L. (1 995) "Nutrition, Lipids. 

35 Health, and Disease" Proceedings of ihe.UNESCO/Confederation of Scientific and 
Technological Associations in Malaysia, and the Society for Free Radical Research - 
Asia, held Sept. 1-3, 1994 at Penang. Malaysia, aOCS Press. (1995)). enzymes, and all 
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other chemicals described in Guicho (1983) Chemicals by Fcnnenu.non, Noyes Data 
ct^o^ion, ISBN : 081 8805086 and references therein. ^ mexabolism and uses ot 
certain of These fine chemicals are further explicated below. 

5 A Amino Acid Meiabolism and Uses 

Anu:».=ids comprise d« basic «n^uniu of »Upr««ms.«.d as s>«:h^ 

csscnn.1 fcr nonml cdluta fimoionrng in all orgaisms. The term -ammo aod « an- 
recognized. The pro,einogemc«niBO acids, of which *e«ar^ 20 spec,es ™ 
«„^^uforproKins.in>vhichAeyaxeU«lcedbypepndebonds. 
..0 U~e.ic amino adds (hu^ireds Of wMch^^own)a«n.no^^^^ 
proKins (see Olmaxm's Encyclopedia-of indusmal Chem.sBy. vol. /a, p. 57 9^^^^ 
leinheila^SS,,. .^„too acids may be in ,h. D- or L- opncal co,>fieurauon. *ou|h L- 

anUno acids are generally Ac only .ype tbund in namally.occ.mng prore,^^ 
- Biosyntf«lica„dd.eradahvepaA,«ysofeachofU«20proKmog=mcam,noac.d^^^^ 
,5 LU^«Ucharac<cri«dinbd*pro^oHcandeukan-onccelU(see fore^p^^^^ 
Srryer, L. Biocheansuy.' 3- edition, pages 578-590 (1988)). The 'essenual ammo a^s 
iSd^ine, isoleucine. leueine. lysine, merhionine. phenylalanine. *reomne. tryp»p^. 
and valine) so named because ti>ey are generally a numxional re,mrem=n. due ,o U,e 
"l;S*of *eir biosynd>esis. are readUy conver«d by simple biosynd.euc pa*way, 

cystine. glu,ama«.gluranune.,glycine. proline, serine, and ry«s,ne,. ftgher ammals 
I retain L abiliry to syn*es^e some of *ese amino acids, bur the essenttal ammo 
acids must be supplied ftom the die. in order for normal protein synthests n. occur. 
Aside from iheii fimcuon in protein biosynthesis, these ammo acids are 
25 interesting chemicals in their o«n right, and many have be«. found u> have vanous 

appUcations in the food. feed. ch«nical. cosmencs. agriculture, and P'-T'"-^ ^ 
ilLtries. Lysine is an imponant amino acid in the nutrition not only of humans. b« ^ 

also ofmonogastric animals such as poultry and swine. Glutamate is most c^tnmonly 

1^,T. flavor additive (mono-sodinm glutamate. MSG, and is widely used throughout 

30 the food industry, as are aspartate, phenylalanine, glycine, and cysteine. Glycme. L- 
melnineru^ptophanareanutiU^dinthepharmaceuticalindus^. O,™ 
valine, leucine, isoleucine. hisndine. arginlne. proline, serine and alamne are of u« m 
both the pharmaceutical and cosmetics indusnries. Ttaeonine. tryptophan, and D/ L- 
methioniL are common feed additives. (Leuchtcnberger, W. (,996) Ammo a.^ - 

35 technicalproducnonanduse.p.466.502inRehmetal.(eds.)Btotechnolo^v^L6^ 

chapter Hi VCH: Weinheim). Additionally, these amino actds have b«n fburid m be 
u^L as precursors for the synti.esis of synthetic amino acids and protems. such as N- 



acetylcysteine. S-carboxymethyl-L-cysteine. (S).5-hydroxytryptopl^. ^^^^f ^ 
described in Ubnann's Encyclopedia of Industrial Chemistry, vol. A2, p. 57-97. VCH. 

Weinheim, 1985. ui f 

The biosynthesis of these natural amino acids in orgamsms capable ot 

producing them, such ai bacteria, has been well charaaerized (for review of bacterial 

amino acid biosynthesis and regulation thereof, see Umbarger. H.E.(1978) Anru R.v. 

Biochem 47- 533-606). Glutamate is synthesized by the reductive aminauon of a- 
- ketoglutarate. an intermediate in the citric acid cycle. Glutamine, proline, and ar^mne 

are each subsequently produced from glutamate. The biosynthesis of serine is a three- 
0 step process begimung with 3.phdsphoglycerate (an intermediate in glycolyses), ax^ 

resulting in this amino acid after oxidation, transami^ 

cv.tcinc and glyciru. are prefaced from serine; the former by the condensanon of 
homocysteine with serine, and the laner by the transferal of the side-chain (i-carbon 
atom to tetrahydrofolate, in a reacuon catalyzed by serine transhydroxymethylase. 
5 Phenylalanine, and tyrosine are synthesized from the- glycolytic and pentose phosphate 
pathway precursors eiythrose 4-phosphate and phosphoenolpyruvate m a 9-step 
biosynthetic pathway that differ only at the final two steps after synthesis of prephenate. 
Tryptophan is also produced from these two initial molecules, but its synthesis is an 11- 
step pathway. Tyrosine may al^ be synthesized from phenylalanine, in a reacuon 
catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucine are all 

biosynthetic products of pyruvate, the final product of glycolysis. Aspartate ts formed 
from oxaloacetate. an intemtediate of the ciuic acid cycle. Asparagine, methiomne, 
threonine, and lysine are each produced by the conversion of aspartate. Isoleucme ts 
formed from threonine. A complex 9.step pathway results in the production of htstid:ne 
'>5 from 5-phosphoribosyl-l-pyrophosphate. an activated sugar. \ . 

Amino acids in excess of the protein synthesis needs of the cell cannot be stored, 
and are instead degraded to provide intermediates for the major metabolic pathways of 
the cell (for review see Stryer.- L. Biochemistry 3'" ed. Ch. 21 -Amino Acid Degradation 
and the Urea Cycle" p. 495-516 (1988)). Although the cell is able to convert unwanted 
30 amino acids into useful metabolic intemiediates. amino acid production is cosUy m 
terms of energy, precursor molecules, and the enzymes necessary to synAesize th«n 
Thus it is not surprising that amino acid biosynthesis is regulated by feedback mhibmon. 
in which the presence of a particular amino acid serves to slow or entirely stop its own 
production (for overview of feedback mechanisms in amino acid biosyri^etic p^^^^ 
35 Lstiyef.L. Biochemistry. 3" ed.Ch. 24: -Biosynthesis of .^minoAcids and Hem^ p. 
575-600 (1988)). Thas, the outpm of any particular amino acid is limited by the amount 
of ihai amino acid presenx in the cell. 
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'^B [TuaminXofQcior.andmTraceuncalMemholismandUse:: 

Vitamins, cofactors, and nutraccuiicals comprise anoiher group of molecules ^ 
which the higher animals have lost the ability to synthesize and so must ingest, although 
5 they are readily synthesized by other organisms such as bacteria. These molecules are 

either bioaoivc substances themselves, or are precursors of biologically active 
• substances whichmay serve as electron carriers or intermediates in a variety of 

metaboUc pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysis or other 
10 processing aids, (for an overviev. of the structure, activity, and industrial applications 
of these compounds, see. for example. Ullman's Encyclopedia of Industrial Chemistry, 
-Vitamins" vol. A27. p. 443-613. VCH: Weinheim. 1996.) The term "vitamin" is an- 
recognized and includes nutrients which are required by an organism for normal 
fimctioning. but which that organism cannot synthesize by itself. The group of vitamins 

1 5 may encompass cofactors and nutraceutical compounds. The language "cofactor" 
includes nonproieinaceous compounds required for a normal enzymatic acnvity to 
occur. Such compounds may be organic or inorganic; the cofactor molecules of the 
invention are preferably organic. The term "nutraceutical" includes dietary supplements 
having health benefits in plants and animals, panicularly humans. Examples of such 

20 molecules are vitamins.,antioxidants. and also certain lipids Ce.e..polyunsaim^^^^^ 

acids). J • V 

The biosynthesis of these molecules in organisms capable of producing them. 

such as bacteria, has been largely characterized (UlUnan's Encyclopedia of Industrial 
Chemistry. "Vitamins" vol. A27. p. 443-613, VCH: Weinheim, 1996; Michal. G. (1999) 
->5 Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology. John Wiley 
& Sons; Ong. A.S.. Niki, E. & Packer, L. (1995) "Nutrition, Lipids. Health, and 
Disease" Proceedings of the UNESCO/Confederation of Scientific and Technological 
Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 
1-3, 1994 at Penang. Malaysia, AOCS Press: Champaign, IL X. 374 S). 

30 ' Thiamin (vitamin Bi) is produced by the chemical coupling of pyrimidine and 
thiazole moieties. Riboflavin (vitamin Bj) is synthesized from gaanosine-5'-triphosphate 
(GTP) and ribose-5'-phosphaie. Riboflavin, in mm. is utiliaed for the synthesis of flavin 
mononucleotide (FMN) and flavin adenine dinucleoude (FAD). The family ot 
compounds collectively termed Witamin B.' (e.g.. pyridoxine. pyridoxamine, pyndoxa- 

35 5'.phosphate. and the commercially used pyridoxin hydrochloride) are all derivatives of 
the common structural unit. 5-hydroxy.6.methylpyridine. Pantothenate (pantothemc 
acid (RK-^)-N-(2,4-dihydroxy-3.3-dimethyl-l-oxobutyl)-^-alanine) can be produced 
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either by chemical synthesis or by fermeniaTion. The final steps in pantothenate 
biosynthesis consist of the aTP -driven condensation of p-alahine and pantoic acid. The 
enzymes responsible for the biosynthesis steps for the conversion to pantoic acid, to p- 
alanine and for the condensation to panthoienic acid are known. The meiabplically 
5 active, form of pantothenate is Coenzyme A, for which the biosynthesis proceeds in 5 
enzymatic steps. Pantothenate, pyridoxal-5' -phosphate, cysteine and aTP are the 
precursors of Coenzyme A. These enzymes not only catalyze the formation of 
panthothanie, but also the production of (R)-pantoic acid, (R)-paniolacton, (R)- 
panihenol (provitamin Bs\ pantetheine (and its derivatives) and coenzyme A. 

1 0 Biotin biosynthesis from the precursor molecule pimeloy 1-CoA in 

'microorganisms has been studied in detail and several of the genes involved have been 
identified. Many of the corresponding proteins have been found to also be mvolved in 

^ Fe-clusier synthesis and are members of the nifS class of proteins. Lipoic acid is 

derived from octanoic acid, and serves as a coenzyme in energy metabolism, where it 

15 becomes pan of the pyruvate dehydrogenase complex and the a-ketogluiarate 

dehydrogenase complex. The folates are a group of substances which are all derivadves 
of folic acid, which is turn is derived froin L-glutamic acid, p-amino-benzoic acid and 6- 
methylpterin. The biosynthesis of folic acid and its derivatives, staning fi-ora the 
metabolism intermediates guanosine-5' -triphosphate (GTP), L-glutamic acid and p- 

20 amino-benzoic acid has been studied in detail in certain microorganisms, 

Corrinoids (such as the cobalamines and particularly vitamin Bu) and 
porphyrines belong to a group of chemicals characterized by a tetrapyrole ring system. 
The biosynthesis of vitamin B]2 is sufficiently complex that it has not yet been 
completely characterized, but many of the enzymes and substrates involved are now 

25 known. Nicotinic acid (nicotinatej, and nicoiinamade are pyridine derivatives which are 
also tenned "niacin'. Niacin is the precursor of the important coenzymes NaD 
(nicotinamide adenine dinucleotide) and NaDP (nicotinamide adenine dinucleodde 
phosphate) and their reduced forms. 

. The large-scale produaion of these compounds has largely relied on cell-free 

30 chemical syntheses, though some of these chemicals have also been produced by large- 
scale culture of microorganisms, stich as riboflavin. Vitamin B6, pantothenate, arid 
biotin. Only Vitamin B12 is produced solely by fermentation^ due to the complexity of 
its synthesis. /wv//r^i methodologies reqiiire significant inputs of naaterials arid time, 
often at great cost. 
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C Purine ^ Pyrimidine, Nucleoside and Nucleotide Meiabolism and Uses 

Purine and pyrimidine metabolism genes and their corresponding proteins are 
important targets for the therapy of tumor diseases and viral infections. The language 
'purine" or '^yrinaidine" includes ilie nitrogenous bases which are constituents of 

5 nucleic acids, co-en2ymes, and nucleotides. The term **nucleotide" includes the basic 
strucTUral miiis of nucleic acid molecules, which are comprised of a nitrogenous base, a 
pentose sugar (in the case of RN A, the sugar is ribose; in the case of DNA, the sugar is 
D-deoxyribose), and phosphoric acid. The language "^nucleoside" includes molecules 
which serve as precursors to nucleotides, but which are lacking the phosphoric, acid 

10 moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules, or 
their mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DNA 
synthesis; by iiihibiting this activity in a fashion targeted to cancerous cells, the ability 

^ of tumor cells to divide and replicate may be inhibited. Additionally, there are 

nucleotides which do not form nucleic acid molecules, but rather serve as energy stores 

15 (i.e., AMP) or as coenzymes (i^e., FAD and NaD). 

Several publications have described the use of these chemicals for these medical 
indications, by influencing purine and/or pyrimidine metabolism (e.g. Christopherson, 
R.I. and Lyons, S.D. (1990) "Potent inhibitors of novo pyrimidine and purine 
biosynthesis as chemotherapeutic agents."iWerf. Res. Reviews 10: 505-548). Studies of 

20 enzymes involved in purine and pyrimidine metabolism have been focused on the 

development of new drugs which can be used, for example, as inununosuppressants or 
anti-proliferants (Smith. J.L., (1995) '^Enzymes in nucleotide synthesis." Curr Opin. 
Srrucr Biol 5: 752-757; (1995) Biochem Soc, Transact. 23: 877-902). However, purine 
and pyrimidine bases, nucleosides and nucleotides have other utilities: as intermediates 

25 in the biosynthesis of several fine chemicals (e.g., thiamine, S-adenosyl-niethionine, 
' folates, or riboflavin), as energy earners for the cell (e.g.. ATP or GTP), and for ^ 
chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal appUcarions (see, for example, Kuninaka, A. (1996) Nucleotides and 
Related Compounds in Biotechnology vol. 6, Rehm et aL, eds. VCH: Weinheim, p. 561- 

30 612). Also, enzymes involved in purine, pirrimidine, nucleoside, or nucleotide 
metabolism are increasingly serving as targets against v^ch chemicals for crop 
protection, including fungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
reviews see, for example, Zallcin. H. and Dixon, J.E. (1992) ^^de novo purine nucleotide 

35 biosynthesis", in: Progress in Nucleic Acid Research and Molecular Biology, vol. 42, 
Academic Press:, p. 259-287; and Michal, G. (1999) '•Nucleotides and Nucleosides", 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemisn^ and Molecular Biology, 
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Wiley: New York). Purine meiabolism has been ihe subjea of intensive research, and is 
essenrizil to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as goui. Purine nucleotides are synthesized from 
ribose-5-phosphate. in a series of steps through the intermediate compound inosine-5'- 
5 phosphaie (IMP), resulting in the production of guanosine-5' -monophosphate (GMP) or 
adenosine-5' -monophosphate (AMP), from which the triphosphate forms uiiUzed as 
nucleotides are readily formed. These compounds are also utiliaed as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 
Pyrimidine biosynthesis proceeds by the formation of uridine-5' -monophosphate (UMP) 

10 from ribose-5-phosphate. UMP, in turn, is convened to cytidine-5 '-triphosphate (CTP). 
The deoxy- forms of all of these nucleotides are produced in a one step reduaion 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 

^ deoxyribose forai of the nucleotide. Upon phosphorylation, these molecules are able to 
panicipate in DNA synthesis. 

15 

D, Trehalose Metabolism and Uses 

Trehalose consists of two glucose molecules, bound in a, a-1,1 linkage. It is 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
foods, and in beverages. However, it also has applications in the pharmaceutical, 
20 cosmetics and biotechnology industries (see, for example, Nishimoto et al., (1998) U.S. 
Patent No. 5,759,610; Singer. M.A. and Lindquist, S. (1998) Tremis Biotech. 1 6: 460- 
467; Paiva, C.L.A. and Panek, A.D. (1996) Btoiech Ann. Rev, 2: 293-314; and 
Shiosaka, M. (1997) J. Japan 172: 97-102). Trehalose is produced by enzymes from 
many microorganisms and is naturally released into the surrounding medium, from 
25 which it can be collected using methods known in the an. 

II. Membrane Biosynthesis and Transmembrane Transport 

Cellular membranes serve a variety of functions in a cell. First and foremost, a 
membrane differentiates the contents of a cell from the surrounding environment, thus 
30 giving integrity to the cell. Membranes may also serve as barriers to the influx of 
hazardous or unwanted compounds, and also to the efflux of desired compounds. 
Cellular membranes are by nature impervious to the tmfacilitated diffusion of 
bydrophilic compounds such as proteins, water molecules and ions due to their structure: 
a bi layer of lipid molecules in which the polar head groups face outwards (towards the 
35 exterior and interior of the cell, respectively) and the nonpolar tails face inwards at the 
center of the bilayer, forming a hydrophobic core (for a general review of membrane 
structure and function, see Gennis, R.B. (1989) Biomemhranes, Molecular Stnicture and 



Function, Springer: Heidelberg). This barrier enables cells to maintain a relatively 
higher concentration of desired compounds and a relatively lower concentration of 
undesired compounds than are contained within the surrounding medium, since the 
diifusion of these compounds is effectively blocked by the membrane. 
However, the membrane also presents an effective barrier to the import of desired 
compounds and the expon of waste molecules. To overcome this difficulty , cellular 
membranes incorporate many kinds of transponer proteins which are able xo facilitate 
the transmembrwe transpon of different kinds of compounds. There are two general 
classes of these nanspon proteins: pores or channels and transponers. The former are 
integral membrane proieins, sometimes complexes of proteins, which form a regulated 
hole through the membrane. This regulation, or "gating' is generally specific to the 
molecules to be transported by the pore or chaimel, rendering these transmembrane 
constructs selectively permeable to a specific class of substrates; for example, a, 
potassium chaimel is constructed such that only ions having a like charge and size to that 
of potassium may pass through. Channel and pore proteins tend to have discrete 
hydrophobic and hydrophilic domains, such that the hydrophobic face of the protein ' 
rnay associate with the interior of the membrane while the hydrophilic face lines the 
interior of the chaimel, thus providing a sheltered hydrophilic environment through . 
which the selected hydrophilic molecule may pass. Many such pores/charmels are 
known in the art, including those for potassiuih, calcium, sodium, and chloride ions. 

This pore and chaimel-mediaied system of facilitated diftusion is limited to very 
small molecules, such as ions, because pores or channels large enough to permit the 
passage of whole proteins by facilitated diffusion would be unable to prevent the 
passage of smaller hydrophilic molecules as well, Transpon of molecules by this process 
is sometimes termed ""facilitated diffusion' since the driving force of a concentration 
gradient is reqiured for the transpon to occur. Permeases also permit facilitated 
diffusion of larger molecules, such as glucose or other sugars, into the cell when the 
concentration of these molecules on one 'side of the membrane is greater than that on the 
other (also called •unipon'). In contrast to pores or channels, these integral membrane 
proteins (often having between 6-14 membrane-spaiming a-helices) do not form open 
channels through the membrane, but rather bind to the target molecule at the surfece of 
the membrane and then undergo a conformational shift such that the target molecule is 
released on the opposite side of the membrane. 

However, cells frequently require the impon or export of molecules against the 
existing concentration gradient ("active transpon'), a situation in which facilitated 
diffusion cannot occur. There are rwo general mechanisms used by cells for such 
membrane transpon: sympon or antipon, and energy-coupled transpon such as that 



mediated by ihe ABC transponers. Sympon and aniiport systems couple ihe movemaii 
of iwo different molecules across the membrane (via penneases having two ^-eparate 
binding sites for the two different molecules); in sympon, both molecules are 
tmnsponed in the same direction, while in antiport, one molecule is imponed while the 
other is exponed. This is possible energetically because one of the two molecules 
moves in accordance with a concentration gradient, and this energetically favorable 
event is pennirted oiUy upon concomixani movement of a desired compound against the 
prevailing concentration gradient. Single molecules may be transponed across the 
membrane against the concentration gradient in an energy^driven process, such as that 
utilized by the ABC transponers. In this system, the transpon protein located in the 
membrane has an ATP-binding cassene; upon binding of the target molecule, the ATP is 
convened to aDP Pi, and the resulting release of energy is used to drive the 
movement of the target molecule to the opposite face of the membrane, facilitated by the 
transponer. For more detailed descriptions of all of these transport systems, see: 
Bamberg, E. et al., (1993) '^Charge transpon of ion pumps on lipid bilayer membranes", 
Q, Rev Biophys. 26: 1-25; Findlay, J.fi.C. (1991) "Structure and funaion in membrane 
transpon systems", Curr Opin. Srrucr. BioL 1:804-810; Higgins. C.F. (1992) "ABC 
transponers firom microorganisms to man", Ann, Rev, C til BioL 8: 67-1 13; Gennis, R.B. 
(1989) "Pores, Channels and Transporters*', in: Biomembranes. Molecular Structure and 
Function. Springer: Heidelberg, p. 270-322; and Nikaido, H. and Saier, H. (1992) 
^Transport proteins in bacteria: common themes in their design". Science 258: 936-942, 
and references contained within each of these references. 

The synthesis of membranes is a well-characterized process involving a number 
of components, the most imponant of which are lipid molecules. Lipid synthesis may 
be divided into two pans: the synthesis of fatty acids and their attachment to sn- 
glycerol-3-phosphate, and the addition or modification of a polar head group. Typical 
lipicls utilized in bacterial membranes include phospholipids, glycolipids, sphingolipids, 
and phosphoglyccrides. Fatty acid synthesis begins with the conversion of acetyl CoA 
either to malony 1 CoA by acetyl CoA carboxylase, or to acetyl-ACP by 
acetyliransacylase. Following a condensation reaction, these two product molecules 
together form acetoaceiyl-ACP, which is convened by a series of condensation, 
reduction and dehydration reactions to yield a saturated faity acid molecule having a 
desired chain length. The production of imsaturaied fatty acids from such molecules is 
catalyzed by specific desaiurascs either aerobically, with the help of molecular oxygen, 
or anaerobicaliy (for reference on fatty acid synthesis, see F.C. Neidhardi et al. (1996) E. 
coli and Salmonella. ASM Press: Washington, D.C., p. 612-636 and references 
contained therein; Lengeler et al. (eds) (1999) Biology of Procaryotes.. Thieme: 
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Siungan, New York, and references contained therein; and Magnuson, K. ei al., (1993) 
Microbiological Revie\ys 57: 522-542, and references contained therein). The 
cyclopropane fany acids (CFa) are synthesized by a specific Cf A-synthase using SAM 
as a cosut>sirare. Branched chain fatty acids are synthesized from branched chain amino 
5 acids that are deaminaied to yield branched chain 2-oxo-acids (see Lengeler et al., eds. 
(1999) Biology of Procaryoies. Thieme: Stungan, New York, and references contained 
therein). Another essential step in lipid synthesis is the transfer of fatty acids onto the 
polar head groups by, for example, glycerol-phosphate-acyliransferases. The 
combination of various precursor molecules and biosyntheiic enzymes results in the 
1 0 production of differcmt fatty acid molecules, which has a profound effect on the 
composition of the membrane. 

ill. Elements and Methods of the Invention 

The present invention is based, at least in pan, on the discovery of novel 

15 molecules, referred to herein as MCT nucleic acid and protein molecules, which control 
the production of cellular membranes in C gluramicum and govern the movement of 
molecules across such membranes. In one embodiment, the MCT molecules panicipaie 
in the metabolism of compounds necessary for the construction of cellular membranes in 
C gluramicum^ or in the transport of molecules across these membranes. In a preferred 

20 embodiment, the activity of the MCT molecules of the present invention to regulate 
membrane component production and membrane transport has an impact on the 
production of a desired fine chemical by this organism^ In a panicularly preferred 
embodiment, the MCT molecules of the invention are modulated in activity, such that 
the C. gluramicum metabolic pathways which the MCT proteins of the invention 

25 regiilaie are modiilated in yield, production, and/or efficiency of production and the 
transpon of compounds through the membranes is altered in efficiency, which either 
directly or indirectly modulates the yield, production, and/or efficiency of production of 
a desired fine chemical by C gluramicum^ 

The language, "MCT protein" or **MCT polypeptide" includes proteins which 

30 participate in the metabolism of compounds necessary for the construction of cellular 
niembranes in C gluramicum, or in the iratispon of molecules across these membranes. 
Examples of MCT proteins include those encoded by the MCT genes set forth in Table 1 
and Appendix A. The terms '^MCT gene" or "^MCT nucleic acid sequence" include 
nucleic acid sequences encoding an MCT protein, which consist of a coding region and 

35 also corresponding untranslated 5' and 3' sequence regions. Examples of MCT genes 
include those set forth in Table 1 , The terms '"production" or "productivity" are art- 
recognized and include the concentration of the fermentation produa (for example, the 
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desired fine chemical) fonned within a given lime and a given fermemation volume 
(e.g., kg product per hour per liter). The term ^^efficiency of production" includes the 
lime required for a panic ular level of produaion lo be achieved (for example, how long 
' it takes for the cell to aiiain a panicular rate of output of a fine chemical). The term 
5 '"yield" or 'product/carbon yield" is art-recognized and includes the efficiency of the 
conversion of the carbon source into, the produa (i.e., fine chemical). This is generally 
wrinen as, for example, kg product per kg carbon source. By increasing the yield or 
production of the compound, ihe quantity of recovered molecules, or of useful recovered 
molecules of that compoimd in a given amount of cuhure over a given amount of time is 

1 0 increased. The terms ''biosynthesis" or a "biosyntheiic pathway" are an-recognized and 
include the synthesis of a compound, preferably an organic compound, by a cell from 
iniermediate compounds in what may be a multisiep and highly regulated process. The 
terms "degradation" or a •'degradation pathway" are art-recognized and include the 
breakdown of a compoimd, preferably an organic compound, by a cell to degradation 

1 5 products (generally speaking, smaller or less complex molecules) in what may be a 
multisiep and highly regulated process. The language ••metabolism" is an-recognized 
and includes the totality of the biochemical reactions that take place in an organism. 
The metabolism of a panicular compound, then, (e.g., the metabolism of an amino acid 
such as glycine) comprises the overall biosynthetic, modification, and degradation 

20 pathways in the cell related to this compound. 

In another embodiment, the MCT molecules of the invention are capable of 
modulating the production of a desired molecule, such as a fine chemical, in a 
microorganism such as C. glutamicum. There are a number of mechanisms -by which 
the alteration of an MCT protein of the invention may directly affect the yield, 

25 production, and/or efficiency of production of a fine chemical from a C. gluramicum 
strain incorporating such an altered protein. Those. MCT proteins involved in the expon 
of fine chemical molecules from the cell may be increased in number or activity such 
that greater quantities of these compounds are secreted to the extracellular inedium, 
from which they are more readily recovered. Similarly, those MCT proteins involved in 

30 the impon of nutrients necessary for the biosynthesis of one or more fine chemicals 
(e.g., phosphate, sulfate, nitrogen comppimds, etc.) may be increased in number or 
activity such that these precursor , cofacior, or iniermediate compounds are increased in 
concentration within the cell. Further, fatty acids and lipids themselves are desirable fine 
chemicals; by opiimiang the activity or increasing ihe number of one or more MCT 

35 proteins of the invention which participate in the biosynthesis of these compounds, or by 
impairing the activity of one or more MCT proteins which are involved in the 
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degradation of ihese compounds, ii may be possible lo increase ihe yield, production, 
and/or efficiency of production of fatty acid and lipid molecules from C gluianiicum. 

The mutagenesis of one or more MCT genes of the invention may also result, in 
,MCT proteins having altered activities which indirectly impact the production of one or 
5 more desired fme chemicals from C .glutamic um. For ocample, MCT proteins of the 
invention involved in the export of waste products may be increased in number or 
activity such that the nomial metabolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) are efficiently exponed before 
they are able to damage nucleotides and proteins within the cell (which would decrease 

10 the viability of the cell) or to interfere with fine chemical biosynthetic pathways (which 
would decrease the yield, production, or efficiency of production of the desired fine 
chemical), further, the relatively large intracellular quantities of the desired fine 
chemical may in itself be toxic to the cell, so by increasing the activity or number of 
transponers able to export this compound firom the cell, one may increase the viability of 

15 the cell in culture, in turn leading to a greater nimiber of cells in the culture producing 
the desired fine chemical. The MCT proteins of the invention may also be numipulated 
such that the relative amounts of different lipid and fatty acid molecules are produced. 
This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical properties, an alteration in the lipid 

20 composition of a membrane may significantly alter membrane, fluidity. Changes in 
membrane fluidity can impact the transpon of molecules across the membrane, as well 
as the integrity of the cell, both of which have a profound effect on the production of 
fine chemicals from C glwumicum in large-scale fermentative culture. 

The isolated nucleic acid sequences of the invention are contained within the 

25 genome of a Corynebacterium glutamicum strain available through the American Type 
Culture Collection, given designation ATCC 13032. The nucleotide sequence of the 
isolated C. glutamicum MCT cDNas and the predicted amino acid sequences of the C 
glutamicum MCT proteins are shown in Appendices A and B, respectively: 
^ Computational analyses were performed which classified and/or identified these 

30 nucleotide sequences as sequences which encode proteins involved in the metabolism of 
cellular membrane components or proteins involved in the transport of compoimds 
across such membranes. 

The present invention also pertains to proteiixs which have an animo acid 
sequence which is substantially homologous to an amino acid sequence of Appendix B; 
35 As used herein, a protein which has an amino acid sequence which is substantially 
homologous to a selected amino acid sequence is least about 50% homologous to the 
selected amino acid sequence, e.g., the entire selected amino acid sequence. A protein 
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which has an amino acid sequence which is substantially homologous lo a selected 
amino acid sequence can also be least about 50-60%, preferdbly at least about 60-70%, 
and more preferably at least about 70-80%, 80-90%, or 90-95%; and most preferably at 
least about 96%, 97%, 98%, ,99% or more homologous to the seleaed amino acid 
5 sequence. 

The MCT protein or a biologically active portion or fragment thereof of the 
invention can participate in the meubolism of compounds necessary for the construction 
of cellular membranes in C. glujamicum^ or in the transpon of molecules across these 
membranes, or have one or more of the acii vnies set forth in Table 1 . 
10 Various aspects of the invention are described in funher detail in the following 

subsections: 

f A. Isolastrd Nucleic AciJ Moleculfis 

One aspea of the invention penains to isolated nucleic acid molecules that 

15 encode MCT polypeptides or biologically active portions thereof, as well as nucleic acid 
tragments sufficient for use as hybridization probes or primers for the identification or 

^ amplification of MCT-encoding nucleic acid (e.g., MCT DNa). As used herein, the 
term "nucleic acid molecule" is ixitended to include DNa molecules (e.g., cDNA or 
genomic DNa) and RNA molecules (e.g., mRNAj and analogs of the DNA or KNa 

20 generated using nucleotide analogs. This term also encompasses untranslated sequence 
located at both the 3 ' and 5* ends of the coding region of the gene: at least about 1 00 
nucleotides of sequence upstream from the 5' end of the coding region and at least about 
20 nucleotides of sequence downstream from the 3 'end of the coding region of the gene. 
The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 

25 double-stranded DNA. An "isolated" nucleic acid molecule is one which is separated 
from other nucleic acid molecules which are present in the natural source of the nucleic 
acid. Preferably, an "isolated" nucleic acid is free of sequences which nattirally flank 
the nucleic acid (i.e,, sequences located at the 5' and 3' ends of the nucleic acid) in the 
genomic DNA of the organism from which the nucleic acid is derived. For example, in 

30 various embodiments, the isolated MCT nucleic acid moleciile can contain less than 
about 5 kb, 4kb, 3kb. 2kb, I kb, 0.5 kb or 0.1 kb of nucleotide sequences which 
naturally flank the nucleic acid molecule in genomic DNA of the cell from which the 
nucleic acid is derived (e,g, a C gluramicum cell). Moreover, an "isolated" nucleic acid 
molecule, such as a cDNa molecule, can be substantially free of other cellular material, 

35 or culrure medium when produced by recombinant techniques, or chemical precursors or 
other chemicals v^^hen chemically synthesized. 
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A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 
having a nucleotide sequence of Appendix A, or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence information provided herein. 
For example, a C gluiamicum MCT cDN A can be isolated from a C gluiumicum library 
5 using all or ponion of one of the sequences of Appendix A.as a hybridization probe and 
standard hybridization techniques (e.g., as described'^in Sambrook, J., Friish, E. P., and 
Maniatis, T. Molecular Cloning: A Laboratory Manual 2nd. ed, Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 

10 of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g., a nucleic acid molecule encompassing 
all or a ponion of one of the seqiicnces of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
Appendix A). For example, mRNA can be isolated from normal endothelial cells (e.g., 

1 5 by the guanidinium-thiocyanate extraction procedure of Chirgvidn et al. ( 1 979) 

Biochemistry 5294-5299) and cDNa can be prepared lising reverse transcriptase 
(e.g., Moloney MLV reverse transcriptase, available from Gibco/BRL, Bethesda, MD; 
' or AMV reverse transcriptase, available from Seikagaku America, Inc., St. Petersburg, 
FL). Synthetic oligonucleotide primers for polymerase chain reaction amplification can 

20 be designed based upon one of the nucleotide sequences shown in Appendix A. A 
nucleic acid of the invention can be amplified using cDN A or, alternatively, genomic 
DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterised by DNA sequence analysis. Funhennore, 

25 oligonucleotides corresponding to an MCT nucleotide sequence can be prepared by 
standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises one of the nucleotide sequences shown in Appendix A. The sequences of 
Appendix A correspond to the Corynebacterium glutamicum MCT cDNAs of the 

30 invention. This cDNa comprises sequences encoding MCT proteins (i.e., "the coding 
region", indicated in each sequence in Appendix A), as well as 5' untranslated sequences 
and 3' untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of the sequences in Appendix 
A. 

35 For the piuposes of this application, it will be imderstood that each of the 

sequences set forth in Appendix A has an identifying RXA number havii^ the 
designation ''RXA" followed by 5 digits (i.e., RXaOOOOI). Each of these sequences 
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comprises up to three pans: a 5' upstream region, a coding region, and a downstream 
region. Each of these three regions is identified b> the same RXA designation to 
eliminate confusion. The recitation "one of the sequences in>\ppendix A", then, refers 
to any of the sequences in Appendix A, which may be distinguished by their differing 
5 RXA designations. The coding region of each of these sequences is iranslated into a 
corresponding amino acid sequence, which is set forth itt Appendix B. The sequences of 
Appendix B are identified by the same RXa designations as Appendix A, such that they 
can be readily correlated. For example, the amino acid sequence in Appendix B 
designated RXAOOOOl is a translation of the coding region of the nucleotide sequence of 

1 0 nucleic acid molecule RXAOOOOl in Appendix A. 

In one embodiment, the nucleic acid molecules of the present invention are noj 
intended to include those compiled in Table 2. In the case of the dapD gene* a sequence 
for this gene was published in Wehrraann, A,, et al. (1998) J. Bacieriol 180(12): 3 159- 
3 1 65. However, the sequence obtained by the inventors of the present application is 

1 5 significantly longer than the published version. It is believed that the published version 
relied on an incorrect start codon, and thus represents only a fragment of the acnxal 
coding region. j 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of one of the 

20 nucleotide sequences shown in Appendix A, or a ponion thereof. A nucleic acid 
molecule which is.coihpleinentary to one of the nucleotide sequences shown in 
Appendix A is one which is sufficiently complementary to one of the nucleotide 
sequences shown in Appendix A such thai it can hybridise to one of the nucleotide 
sequences shown in Appendix A, thereby fonhing a stable duplex, 

25 In still another preferred embodiment, an isolated nucleic acid molecule of the 

invention comprises a nucleotide sequence which is at least about 50-60%, preferably at 
least about 60-70%. more preferably at least about 70-80%, 80-90%, or 90-95%, and 
even niore preferably at least about 95%, 96%, 97%, 98%, 99% or more homologous to 
a nucleotide sequence shown in Appendix A, or a ponion thereof. In an additional 

30 preferred embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleotide selquence which hybridi2es, e.g., hybridizes under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A, or a portion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 
ponion of the coding region of one of the sequences in Appendix A, for example a 

35 fragment which can be used as a probe or primer or a fragment encoding a biologically 
active portion of an MCT prbiein. The nucleotide sequences determined from the , 
cloning of the MCT genes from C. gluramicum allows for the generation of probes and 
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primers designed for use in ideniifying and/or cloning MCT homologues in other cell 
types and organisms, as well as MCT homologues from other Corynebacieria or related 
species. The probe/primer typically comprises substantially purified oligonucleotide. 
The oligonucleotidt; typically comprises a region of nucleotide sequence that hybridizes 
5 under stringent conditions to at least about 12, preferably about 25, more preferably 
about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti-sense sequence of one of the sequences set forth in 
Appendix A, or naturally occurring mutants thereof. Primers based on sl nucleotide . 
. seqiience of Appendix A can be used in PCR reactions to clone MCT homologues. 

1 0 Probes based on the MCT nucleotide sequences can be xxsed to detea transcripts or 
genomic sequences encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group attached thereto, e.g. the label 
^oup can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co- 
factor. Such probes can be used as a part of a diagnostic test kit for identifying- cells 

15 which n:usexpress an MCT protein, such as by measuring a level of an MCT-encoding 
nucleic acid in a sample of cells, e.g., detecting MCT mRNA levels or determining 
whether a genortiic MCT gene has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is, sufficiently 

20 homologous lo an amino acid sequence of Appendix B such that the protein or portion 
thereof maintains the ability to panicipate in the metabolism of compoimds necessary 
for the construction of cellular membranes in C. gluiamicum, or in the transpon of 
molecules across these membranes. As used herein, the language "sufficiently 
homologous" refers to proteins or portions thereof which have amino acid sequences 

25 which include a minimtun number of identical or equivalent (e.g., an amino acid residue 
which has a similar side chain as an amino acid residue in one of the sequences of 
Appendix B ) amino acid residues to an amino acid sequence of Appendix B such that 
the protein or pordon thereof is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C. glutamicum, or in the 

30 transpon of molecules across these membranes. Protein members of such membrane 
component metabolic pathways or membrane transpon systems, as described herein, 
may play a role in the prodticuon and secretion of one or more fine chemicals. 
Examples of such activities are also described herein. Thus, "the function of an MCT 
protein" contributes either directly or indirectly to the yield, production, and/or 

35 efficiency of production of one or more fine chemicals. Examples of MCT protein 
activities are set forth in Table 1 . 
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In anoiher embodiment, ihe proiein is ax leasi about 50-60%, preferably at least 
about 60-70%, and more preferably at least about 70-80%, 80-90%, 90-95%, and most 
preferably ai least about 96%, 97%, 98%, 99% or more homologous to an entire amino 
acid sequence of Appendix B. 
5 Ponions of proteins encoded by the MCT nucleic acid molecules of the invention 

are preferably biologically active ponions of one of the MCT proteins. As used herein, 
the term ''biologically active portion of an MCT protein" is intended to include a 
portion, e.g., a domain/motif, of an MCT protein that participates in the metabolism of 
compounds necessary for the construction of cellular membranes in C. glutamicum^ or in 

10 the transpon of molecules across these membranes, or has an activity as set forth in 

Table 1 . To deterniine whether an MCT protein or a biologically active ponion thereof 
can panicipaie in the metabolism of compounds necessary for the construction of 
cellular membranes in C. glutamicum^ or in the transpon of molecules across these 
membranes, an assay of enzymatic activity may be perfbnned. Such assay methods are. 

15 well known to those skilled in the art, as detailed in Example 8 of the Exemplification- 
Additional nucleic acid fragments encoding biologically active portions of an 
MCT protein can be prepared by isolating a portion of one of the sequences in Appendix 
B, expressing the encoded ponion of the MCT protein or peptide te.g., by recombinant 
expression in viiro) and assessing the activity of the encoded portion of the MCT protein 

20 or peptide. 

,The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and ponions thereof) due to degeneracy 
of the genetic code and thus encode the same MCT protein as that encoded by the 
nucleotide sequences shown in Appendix A. In another embodiment, an isolated nucleic 

25 acid molecule of the invention has a nucleotide sequence encoding a proiein having an 
amino acid sequence shown in Appendix B. In a still fimher embodiment, the nucleic 
acid molecule of the invention encodes a full length C gluiamicum protein which is 
substantially homologous to an amino acid sequence of Appendix B (encoded by an 
open reading frame shown in Appendix AJ. 

30 In addition to the C. gluiamicum MCT nucleotide sequences shown in Appendix 

A, it will be appreciated by those skilled in the an that DNa sequence polymorphisms 
that lead to changes in the amino acid sequences of MCT proteins may exist within a 
population (e.g., the C. gluiamicum population). Such genetic polymorphism in the 
MCT gene naay exist among individuals within a population due to natural variation. As 

35 used herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules 
comprising an open reading frame encoding an MCT protein, preferably a C 
gluxamicum MCT protein. Such liatural variations can typically result in 1-5% variance 
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in rhe nucleoride sequence of ihe MCT gene. Any and ail such nucleotide variaiions and 
resulting amino acid polymoiphisms in MCT thai are the result of natural variation and 
that do not alter the funaional activity of MCT protrins are intended to be within the 
scope of the invention. 

5 Nucleic acid molecules corresponding to natural variants and non-C glutamicum 

horaologues of the C gluiamicum MCT cDNa of the invention can be isolated based on 
their homology to the C glufamicum MCT nucleic acid disclosed herein i^ing the C 
glutamicum cDNa, or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 

lb another embodiment, an isolated nucleic acid molecule of the invention is at least 1 5 
^nucleotides in length and hybridizes under stringent conditioris to the nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. In other embodiments, the 
nucleic acid is at least 30, 50, 100, 250 or more nucleotides in length. As used herein, 
the term "hybridizes imder stringent conditions" is intended to describe conditions for 

1 5 hybridization and washing under which nucleotide sequences at least 60% homologous 
to each other typically remain hybridized to each other. Preferably, the conditions are 
such, that sequences at. least about 65%, more preferably at least about 70%, and even 
more preferably at least about 75% or more homologous to each other typically remain 
hybridized to each other. Such stringent conditions are known to those skilled in the an 

20 and can be found in Current Proiucols in Molecular Biology, John Wiley & Sons, N. Y. 
(1 989), 6.3.1-6,3.6- A preferred, nonrlimiting example of stringent hybridization 
conditions are hybridization in 6X sodium chloride/sodium citrate (SSCj at about 45^*0, 
followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65^C. Preferably, an 
, isolated nucleic acid iholecule of the invention that hybridizes under stringent conditions 

25 to a sequence of Appendix A corresponds to a natimilly-occurring nucleic acid 

molecule. As used herein, a "natiirally-occurring" nucleic acid molecule refers to an 
RNa or DN A molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C. 
glutamicum MCT protein. 

30 In addition to naturally-occurring variants of the MCT sequence that may exist in 

the populatiorx, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of Appendix A, thereby leading to changes in the 
amino acid sequence of the encoded MCT protein, without altering the fimctional ability 
of the MCT protein. For example, nucleotide substitutions leading to amino acid 

35 -subsumtions at "non-essential" amino acid residues can be made in a sequence of 

Appendix A, A "non-essential" amino acid residue is a residue that can be altered from 
the wild-type sequence of one of the MCT proteins (Appendix B) without altering the 




activity of said MGT protein, whereas an "essential" amino acid residue is required for 
MCT protein activity. Other amino acid residues, however, (e.g., those that are not 
conserved or only srati-conserved in the domain having MCT activity) may not be 
essential for activity and thus are likely to be amenable to alteraiion without aliering 
5 MCT activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding MCT proteins that contain changes in amino acid residues that are not 
essential for MCT activity. Such MCT proteins difier in amino acid sequence from a 
sequence contained in Appendix B yet retain at least one of the MCT activities 

1 0 described herein. In one embodiment, the isolated nucleic acid molecule comprises a 
nucleotide sequence encoding a protein, wherein the protein comprises an amino acid 
sequence at least about 50% homologons to an amino acid sequence of Appendix B and 
is capable of participate in the metabolism of compounds necessary for the construction 
of cellular membranes in C glutamicum, or in the trarisport of molecules across these 

1 5 membranes, or has one or more activities set forth in Table 1 , Preferably, the protein 
encoded by the nucleic acid molecule is at least about 50-60% homologous to one of the 
sequences in Appendix B, more preferably at least about 60-70% homologous to one of 
the sequences in Appendix B. even more preferably at least about 70-80%, 80-90%, 90- 
95% homologous to one of the sequences in Appendix B, and most preferably at least 

20 about 96%, 97%, 98%, or 99% homologous to one of the sequences in Appendix B. 

To determine the percent homology of two amino acid sequences (e.g., one of 
the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in 
the sequence of one protein or nucleic acid for optimal alignment with the other protein 

25 or nucleic acid). The amino acid residues or nucleotides at corresponding amino acid 
positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the corresponding position in the other sequence (e.g., a mutant form of 
the sequence selected from Appendix B). then the molecules are homologous at that 

30 position (i.e., as used herein amino acid or nucleic acid ''homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
(i.e., % homology = # of identical positions/total # of positions x 1 00), 

An isolated nucleic acid molecule encoding an MGT protein homologous td a 

35 protein sequence of Appendix B can be created by introducing one or more nucleotide 
substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substimtions, additions or deletions are introduced into the 
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encoded protein. Muiations can be introduced into one of the sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PCR-mcdiated 
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced Nvith an amino acid residue having a 
similar side chain. Families of amino acid residues having similar side chains have been 
defined in the an. These families include amino acids With basic side chains (e.g., 
lysine, arginine. hisiidine), acidic side chains (e.g.. aspartic acid, glutamic acid), 
uncharged polar side chains (e.g.. glycine, asparagine. gluiamine. serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.. 
ihreoninc. valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an MCT 
protein is preferably replaced with another amino acid residue from the same side chain 
family. Alittnatively. in another embodimem, mutations can be introduced randomly 
along all or pan of an MCT coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for an MCT activity described herein to identify 
mutants that retain MCT activity. Following mutagenesis of one of the sequences of . 
Appendix A. the encoded protein can be expressed recombinantly and the activity of the 
protein can be determined using, for example, assays described herein (see Example 8 of 

the Exemplification). 

In addition to the nucleic add molecules encoding MCT proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are aniisense thereto. An "antisense" nticleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary xo an mRNA sequence. Accordingly, an.antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 

complementary to an entire MCT coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 
coding strand of a nucleotide sequence encoding an MCT protein. The term "coding 
region" refers to the region of the nucleotide sequence comprising codons which are 
translated into amino acid residues (e.g., the entire coding region of SEQ ID RXAOOOOl 
comprises nucleotides I to 1 128). In another embodiment, the antisense nucleic acid 
molecule is antisense to a "noncoding region" of the coding strand of a nucleotide 
sequence encoding MCT. The term "noncoding region" refers to 5' and 3' sequences 
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xvhich flank the coding region ihat are not translated into amino acids (i.e.. also referred 
to as 5' and 3* untranslated regions). 

- Given the coding strand sequences encoding MCT disclosed herein (e.g., the 
sequences set forth in Appendix A), aniisense nucleic acids of the invention can be 
designed according to the rules of Watson and Cnck base pairing: The -antisense nucleic 
acid molecule can be complementary to the entire coding region of MCT mRN A. but 
more preferably is an oligonucleoiide which is aniisense to only a portion of the coding 
or noncoding region of MCT mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation Stan site of MCT mRNA. An 

antisense oligonucleotide can be. for example, about 5. 10, 15, 20, 25. 30, 35. 40, 45 or 
50 nucleotides in length. An antisense nucleic acid of the invention can be constructed 
using chemical synthesis and. cnaymaric ligation reactions using procedures known in 
the an. For example, an antisense nucleic acid,(^.g.. an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucleotides or variously modified 
1 5 nucleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex fonned between the antisense and sense nucleic 
acids, e.g., phosphorothioate derivatives and acridine substiwted nucleondes can be 
used. Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include S-fluorouracil. 5-bromouracil. 5-chlorouracil, 5-iodouracil. 
20 hypoxanihine, xanthine, 4-acetylcyioiine, 5-{carboxyhydroxylmeihyl) uracil, 5- 
carboxymethylarainomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, 

dihydrouiacil, beta'-D-galactosylqueosine. inosine, N6-isopentenyladenine, i- 
methylguanine. 1-methylinosine, 2,2-dimethyiguanine, 2-mdtiiyladenine. 2- 
methylguanine, 3-methylcyiosine. 5-methylcytosine. N6-adenine, 7-methylguanine, 5- 

25 methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, bet^-D- 

mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-meihoxyuracU, 2-meihylthio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil. queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-ihiouracil. 4-thioaracil, 5-meihyluracil, uracil-5- 
oxyacetic acid methylester, iiracil-5-oxyacetic acid (v), 5-meihyl-2-thiouracil, 3-(3- 

30 amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2.6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e., RNa 
transcribed fiom the insened nucleic acid will be of an antisense orientation to a target 
nucleic acid of interest, described fimher in the following subsection). 

35 The antisense nucleic acid molecules of the invention are typically administered 

to a cell or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an MCT protein to thereby inhibit expression of the 
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protein, e.g.. by inhibiting transcription and/or translation. The hybridiaation can be by 
conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an anusense nucleic acid molecule which binds to DNA duplexes, through 

specific interaaions in the major groove of the double heUx. The antisense molecule can 
5 be modified such that it specifically binds to a receptor or an antigen expressed on a 
seleaed cell surface, e.g., by linking the antisense nucleic acid molecule to a pepude or 
an amibody which, binds to a cell surfiace receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the venors described herein. To achieve 
sufficient intracellular concentrations of the antisense molecules, vector constructs m 
1 0 which the antisense nucleic acid molecule is placed under the coriuol of a strong pol U 
or pol 111 pronioter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RN A in which, contrary to the 
1 5 usual p-uniis. the strands run parallel to each other (Gaultier et al. (1 987) Nucleic Acids. 
Res. 1 5:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
meihylribonucleoiide (Inoue ei al. (1987) //uc/eicylciifc iiffi- 15:613 1-6148) or a 

chimeric RNA-DNA analogue Clnoueetal. Cl987)FE5S lew 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 

20 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRN A, to which they 
have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Geriach (1988) Nature 334:585-59 1 )) can be used to 
cataly tically cleave MCT mRN A transcripts to thereby iiihibit translation of MCT 

25 mRN A. A ribozyme having specificity for an MCT-encoding nucleic acid can be 

designed based upon the nucleotide sequence of an MCT cDNa disclosed herein (i.e., 
RXaOOOO 1 in Appendix A). For example, a derivative of a Tetrahymena L-1 9 IVS ' 
RNA can be constructed in which the nucleotide sequence of the active site is 
complementary to the nucleotide sequence to be cleaved in an MCT-encoding mRN A. 

30 See, e.g., Cech et al. U.S. Patent No. 4.987,071 and Cech et al. U.S. Patent No. 

5,1 16,742. Alternatively, MCT mRNA can be used to selea a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See. e.g., Banel, D. and 
Szostak, J.W. (1993) Science 261:141 1-1418. 

Alternatively, MCT gene expression can be inhibited by targeting nucleotide 

35 sequences complementary lo the legulaiory region of an MCT nucleotide sequence (e.g., 
an MCT promoter and/or enhancers) to form triple helical structures that prevent 
transcription of an MCT gene in target cells. See generally, Helene. C. (1991 ) 



Aruicancer Drug Des. 6(6j:569-84; Helene, C. ei al. {1992) Ann. N.Y. Acad Sci. 660:27- 
36; and Maher, L.J. (1992) Bioassays 14(12):807-15. 

B Jiecornbinani Expression Vectors and Host Cells 

Another aspect of the invention pertains to veCTors, preferably expression 
vectors, comainiijg a nucleic acid encoding an MCT protein (or a portion thereof). As 
used herein, .the lenn "vector" refers lo a nucleic acid molecule capable of transporting 
another nucleic acid to which it has beien linked. One type of vector is a "plasmid". 
which refers to a circular double stranded DNA loop into which additional DNA 
segments can be ligaied. Another lype of vector is a viral vector, wherein additional 
DNA segments can be ligaied into the viral genome. Cenain vectors are capable of - 
autonomous replication in a host cell into which they are introduced (e.g., bacxerial 
vectors having a bacterial origin of replication and episonwl inammalian vectors). Odier 
vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of a host 
cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing the expression of genes to 
which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, expression vectors of utility in recombinant DNA- techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" can 
be used interchangeably as the plasmid is the most commonly used fomi of vector. 
However, the invention is intended to include such other fonns of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulatory 
sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/iranslation system or in a 
host cell when the vector is introduced into the host cell). The term "regulaioiy 
sequence" is intended to include promoters, enhancers and other expression control 
elements (e.g., polyadenylaxion signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology: Methods in EnzymoJogy 185. 
Academic Press. San Diego. CA (1990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
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those which direct expression of ihe nucleotide seou^n.^ . • 

■impend on such f«„,„ as *e choice of*, hos, cZtZZT TT"" " 
expression of protein desired etc Th "«nstormcd, Ae level of 

mutant fonns of MCT proteins, fusion proteins, etcj- ' 
n« recorobinani expression vectors of the invention can be designed f.r 

U^WiJ ForeigngeneexpiessioninyeasKareview" w,« ^«« \ 
Ge™ • , > H«ero|ogous gene expression in filamentous fimgi" in- More 
G«"ManipuIanonsn,F.m8i.J.W.Benne,&L.L.Lasureeds o 396^-,8 „ h 
15 ^°i«!^=:«avande„Ho„del.C.A.MJJ:i,C;p "nw^^^^ 

^stem^andvectordevdopn-emforfilamemousfirnairA;!, dM , T 
of Fungi. Peberd.. e, a,., eds.. p. ,..8. Can,b„^!u^X pr^ '"^l" 
a^.eandn,u,ticeUularp.an.peUs(seeSchn.d,.R.id V.i„X TaS^HiJ 

.u '^''^"«leafandcotyIedon expIants"/»/flwCe//J?«„ .583 » T 

vi^«/,odf/«£n->..^o/ogyI85,AcademicPress,SanDieoo CAfl990wir , v 

using T7 promoter regulatory sequences and T7 polymerase 

Expression of proteins in prpkaryotes.is most often earned out with vector. 

«co»M„antproteinb.ac,ingasaHgandIa^,::^:r."o"^ft:^^^^^ 
expression vectors, .prorepiytic cleavage site is introduced at the Junrtor,rfW fi. ■ 

n^^tya^d^reco^binanrproteintoenableseparaHonof^^^^^ ■ 

^mAetetonmotety subsequent to purificaUon of, he fusionprotein. Suchetl^es. 
^ ^ear cognate recognition secuence^ include Faaor Xa. thrlbin and e.^^^^ 



D B JT. '"^'"""P"^'"'"" '"^'"^ POEX (Pham^acia Biotech Jnc; SmiA, 

5 p^..„. ,„ „„e ^bodtaen,, xh. codin, of ft. MCT protein is clonedtZ 

POEX express.on vector to create a veaof encodtng a fusion protein comprist,^ 

Ute N._ ,0 the C-tenninus. CST-thrombin cleavage site-X protein. Tie fc^^^ 
^tetn can be p^fied b, affinit, chron^tograph, u^n^ glutaUuone-agaro^^t 

.0 ::rrrjbr"'"^""°°"'-^~-^--"^--o^ 

nTre , ^^"'""'■"f f " """-ft-^ion £. CP/, expression vectors include 

Pirc (Ama™ et al.._(l,988, Ce„e 69:301-315) and pET 1 Id (Studier et al.. Ce« 
r„W<,«... ^e,w 1 83, Academic Press. San Diego 

IS ""*"^'"-''-='<»ft-*'PT-vec».rrelieso„L 

^xpresston fton, the p£T 1.4 vector relies on transcHpUon Irom a T7 gnl Wac on 
p_ medtated by a coexpressed viral RNa polymerase (T7 ^i/^his viral 
n»r. T r"'"' ^"'""^'^ °' HMS174(DE3) from a resident X 

20 ^"moter " " ^' """^ "^^riP"""^' ""■'Ol of the lacUV 5 

""^^^'""""'^"•"mbinant protein expression is to express the 
protem m a host baaeda with an impaired capacity to proteolytically cleave the 
«combinant protein (Gottesman. S.. Oe„e £xp„«,o„ nchnology: M^.Hods in 
En^mology 185. Academic Press. San Diego, California (1390) 119-128) Anoti,er 
™"-«-^-.=icaridse,uenceofthenucleicacid,obei^^^^^ ' 
expression veaor so that the individual codons for each amino acid are those 

0Vadaetal.(1992)W«cfe,r4„arJie.. 20:2111-2118). Such altetationof nucleic acid 

invention can be carried out by standard DNA synthesis te^^^^^^ 

In another embodiment, the MCT protein expression vector is a yeast expre«ion 
vector. Exatnples of vec«„s for expression in yeas, S. c.e,;vrr« include pVepsI' 

.0^33-943, PJRV88 (Schultz et al.. (.987) Cere 54:. .3-.23X andpYES2 a.vi,ig« 
Cotporaaoa San Dtego. CA). Vectors and methods for the construction of vectors 
app«.pr«te for use in other iungi. such as the filam«^^^ 

m. van den Ho„de..r.A.MJJ. & Punt, P.J. (1991, -Qeae transfer systems and vector - 
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um..n J," T*" f MCTprottins of fte invention may be expressed in 

aosc d«a,led .„: B«te. D.. Kemper. E.. SoheU. J and Masrerson, R. (,992j 'Vc. 
Ptatbuia-y v««»s «A.seIec,able makers locar^^ 

planltransfoimal»on-.Afcc/^ridJi..j. 12:8711-8721. «ors lor 

15 '"''«'«»*«™bodiment. a nudeic acid ofU>e invention U expressed in 

mammaHan cells using a manm^ian expression veaor. Examples of mammalian 
expr^sron vecois include pCDM8 (Seed. B. (1987) Ai,n^e 329:840) and pM-pPC 
Kaufi„an«al. (1987,£*/i,0.. 6:187.195). When used in mammalian ceUs, Ae 

-0 For example, commonly used promorers arc derived from polyoma. Adenovirus ^ 
cj^alovi,^ and Simian Virus 40, For oAer suiable expr«sion systems for'both 
PTOka,yo„candeula„oticceUsscechap,e,sl6andl7ofSambrook J FriBh E F 
-dMa,ua.s.T.M,/ec«/<.ao„i.^: A l^ora,o^ M..^. .i. CuUSprfn, 

In another embodiment, the recombinant mammalian expression vector is 

capable of directing expression of the nucleic acid preferentiaUy in a particular cell type 
e^S. ussue-^ecific regulatory elements are used ,0 express the nucleic acid). Tissul!^ 

specficreeulatoryelementsaretao^tintheart. Non-limiting examples of suitable 

(1987, Ce»„ ^. 1068.277). lymphoid-specific promoters (Calame and EaK>n (1988) 
^*./™,^o/ 43:235-275). in particular promoters of T cell .eceptors (Winoto and 
^^^J^^ tamtunogiobulins (Bane,i et al. (.983) c.„ 

.3^729-740. Q^n and Bal,m,ore (1983) <^// 33:741-748). neuron-specific promoter 
(e.g., the neurofilament promoter. Byme and Ruddle (1989) />A01S 86-5473-5477) 
^reas-speciflc promoo:^, (Edlund e, al. (1985) Science 230:912-916). and manrntaty 
,land-spec,ficpr„moters,(e.g,.millcwheypromoter;U.S.PatentNo.4.873416a.d 
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are also encompassed forexamnl.* u ^'^*^^°P'"^^^^--Sulaied promoters 

Science 249-37n79;Id ^ ' ^^"^^^ ^"^^ ( J^^OJ 

' DNA mol^": ^ expression vector comprising a 

onenianon. That is. the DNa molecule is operativelv linked « , 

a manner which allows for exoression .hv J ' ^ ^^S"^^*^'^ sequence in 

P^^^^^'^^^y ^inscription of the DNa molicui*'\rt+a« 
RNa molecule which is antisense to MCT thRMa d , ^o'^cuiej of an 

.onanuous «p„s«™ of A. ^uscose RNa molecule i„ a vari«y of ceU 1 

«pr«s,on ^..6 annsen.. g«„« s« W=i„„aub, H. « al.. And„ J RNA as a 
™»''~'-»9.foree„cScanal,sis.*,w.«.W.,„G.,^^^^^^^ 

Anofl»asp.aofti>. invention p.nai„s,ohon„llsi„,o which a recombina^, 

rccombmanxhos,=eU"areusedi„:erchangeablyh=,ein. I, is understood fl,a, !lh 

Of such a cell. Because cena,„ modificarions may occur in succeeding generations due 
.5 '°«'^n>"^n-orenvixonn,e„,aliniluences.suchpro8enymayno,^fcc,r 
|d™.cai „ a,e paren. eel, bu, are S.U included wi^ *e scope of .el^^^^^ 
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A l«<u.ypn.lcaryoUc or euJcaryoticceU. For example an MCT 
pro.eu, can be e>cpressed in bac.e,«l cells such as C. ^;„o.,c... inj euTy^L or 
mammahan cells (such as Chinese hamsrer ovary cells (CHO, or COS celU, oTr 
s„«ble hos. cells are teo«, „ ^ ^u., in rhe ar. Microorganisms r!^edT 

nuclBc acd and proBu, molecules of invention are se, for* in Table 3 

Veaor DNA can be introduced into prokaryotic or eukaryoric cells via 
^onala^fonnadonoraansfecdon^chniques. As used herein, .he «n,. 

refer to a vanety of an-recogni^d techniques for introducing foreign nucleic acid (e g 





DNa) imo a hosi cell, including calcium phospha„ .3,„„„ . , 

hos. «lls can be four^ i„ S^LbrooC « ^ " 
Sp^in, Harbo.. ^V. and. „^ 

»elcc«ble ma,lc«.^„^d.o« which confer rc.i.«nce ,o drugs such as o7^ 
*c sclcc^bl. .axto gene survive. wWle :he ^rSu*^^^ 

con.aJ^^ra^^'rj^rcT'''^'""'^™^^^^ 

Prererabl.d,isMCTgeneis:c:::t:Z„°2^L^^ ^ 
homologue from a relaxed harr-^-,. ^ « gene, but n can be a 

The vector can be designed such ihar u««n k ^ ^' ^'^"^^Jy- 

upsiream regulatory region can be altered to thereby alter the extxression nf 
£»^nAr«,ii^ , ^""^ °y ^'^"^onal nucleic acid of the MPT 
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cells in which ihe introduced MCT gene has homologously recombined wiih ihe 
endogenous MCT gene are selected, using an-known techniques. 

In another embodiment, recombinant microorganisms can be produced which 
contain selected systems which allow for regulated expression of the introduced gene. 
5 For example, inclusion of an MCT gene on a vector placing it under control of the lac 
opexon permits expression of the MCT gene only in the presence of IPTG. Such 
regulatory systems are well known in the art. 

A host cell of the invention, such as a prokaryotic or eukaryoiic host cell in 
culture, can be used to produce (i.e., cacpressj an MCT protein. Accordingly, the 
IP invention further provides methods for producing MCT proteins using the host cells of 
the invention. In one embodiment, the method comprises culruring the host cell of 
invention (into which a recombinant expression vector encoding an MCT protein has 
been introduced, or into which genome has been introduced a gene encoding a wild-type 
or altered MCT protein) in a suitable medium iintil MCT protein is produced. In another 
15 embbdiment, the method further comprises isolating MCT proteins from the meditjm or 
the host cell. 

C holaied MCT Proteins 

• Another aspect of the invention penains to isolated MCT proteins, and 

20 biologically active portions thereof. An "isolated" or "purified" protein or biologically 
active ponion thereof is substaniially free of cellular material when produced by 
recombinant DN A techniques, or chemical precursors or other chemicals when 
chenaically synthesized. The language "substantially free of cellular material" includes 
preparations of MCT protein in which the protein is separated from cellular components 

^25 of the cells in which it is naturally or recombinanily produced. In one embodiment, the 
language "substantially free of cellular material" includes preparations of MCT protein 
having less than about 30% (by dry weight) of non^MCT protein (also referred to herein 
as a "contaminating protein"), n:iore preferably less than about 20% of non-MCT 
protein, still more preferably less than about 10% of non-MCT protein, and most 

30 preferably less than about 5% non-MCT protein. When the MCT protein or biologically 
active portion thereof is recombinanily produced, it is also preferably substantially free 
of culture medium, i.e., culture medium represents less than about 20%, more preferably 
less than about 10%, and most preferably less than about 5% of the volume of the 
protein preparation. The language "substantially free of chemical precursors or other 

35 chemicals" includes preparations of MCT protein in which the protein is separated from 
chemical precursors or other chemicals which are involved in the synthesis of the 
protein. In one embodiment, the language "substantially free of chemical precursors or 
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oiher chemicals" includes preparaiions of MCT proiein having less ihan about 30% (by 
dry weight) of chemical precursors or non-MCT chemicak, more preferably less than 
about 20% chemical precursors or non-MCT chemicals, still more preferably less than 
about 10% chemical precursors or non-MCT chemicals, and most preferably less than 
5 about 5% chemical precursors or non-MCT chemicals. In preferred embodiments, 

isolated proteins or biologically active portions thereof lack contaminating proteins from 
the same organism from which the MCT protein is derived. Typically, sxich proteins are 
produced by recombinant expression of, for example, a C glmamicum MCT protein m a 
microorganism such as C. gluiamicum 
10 An isolated MCT protein or a ponion thereof of the invention can participate in 

the metabolism of compounds necessary for the construction of cellular membranes in 
C. glufamicum, or in the transpon of molecules across these membranes, or has one or 
more of the activities set forth in Table 1. In preferred embodiments, the protein or 
ponion thereof comprises an amino acid sequence which is sufficiently homologous to 
15 an amino acid sequence of Appendix B such that the protein or ponion thereof maintains 
the ability participate in the metabolism of compounds necessary for the construction of 
cellular membranes in C gluiamicum, or in the transpon of molecules across these 
membranes. The portion of the protein is preferably a biologically active portion as 
described herein. In another preferred embodiment, an MCT protein of the invention 
20 has an amino acid sequence shovm in Appendix B. In yet another prefeired 

embodiment, the MCT protein has an aimino acid sequence which is encoded by a 
nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to a 
nucleoude jsequence of Appendix A. In still another preferred embodiment, the MCT 
protein has an amino acid sequence which is encoded by a nucleotide sequence that is at 
25 least about 50-60%. preferably at least about 60-70%, more preferably at least about 70- 
80%, 80-90%, 90-95%, and even more preferably at least about 96%, 97%, 98%, 99% 
or more homologous to one of the amino acid sequences of Appendix B. The preferred 
MCT proteins of the present invention also preferably possess at least one of the MCT 
activities described herein. For example, a preferred MCT proiein of the present 
30 invention includes an amino acid sequence encoded by a nucleotide sequence which ' 
hybridizes, e.g., hybridizes imder sningent conditions, to a nucleotide sequence of 
Appendix A, and which can participate in the metabolism of compounds necessary for 
the construction of cellular membranes in C gluramicum, or in the transpon of 
molecules across these membranes, or which has one or more of the activities set forth 
35 in Table 1. 

In other embodiments, the MCT protein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional activity of the protein of one of 
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ihe sequences of Appendix B yet differs in amino acid sequence due lo narural variation 
or muiagcnesis, as described in deiail in subsection I above. Accordingly, in another 
embodimeni, the MCT protein is a protein which comprises an amino acid sequence 
which is ai least about 50-60%, preferably at least about 60-70%, and more preferably aT 
5 least about 70-80, 80-90, 90-95%, and most preferably at least about 96%, 97%, 98%, 
99% or more homologous lo an entire amino acid sequence of Appendix B and which 
has at least one of the MCT activities described herein.. In another embodiment, the 
invention pertains to a full length C glutamicum protein which is substaniialiy 
homologous to an entire amino acid sequence of Appendix B. 
10 Biologically active ponions of an MCT protein include peptides comprising 

amino acid sequences derived from the amino acid sequence of an MCT protein, e.g., 
the an amino acid sequence shown in Appendix B or the amino acid sequence of a 
protein homologous to an MCT protein, which include fewer amino acids than a full 
length MCT protein or the full length protein which is homologous to an MCT protein, 
15 and exhibit at least one activity of an MCT protein. Typically, biologically active 
ponions (peptides, e.g., peptides which are, for example, 5, 10, 15, 20, 30, 35, 36, 37, 
38, 39, 40, 50, 1 00 or more amino acids in length) comprise a domain or motif with at 
least one activity of an MCT protein. Moreover, other biologically active portions, in 
which other regions of the protein are deleted, can be prepared by recombinant 
20 techniques and evaluated for one or more of the activities described herein. Preferably, 
the biologically active ponions of an MCT protein include one or more seleaed 
domains/motifs or portions thereof having biological activity: 

MCT proteins are preferably produced by recombinant DNA techniques. For 
example, a nucleic acid molecule encoding the protein is cloned into an expression 
25 vector (as described above), the expression vector is introduced into a host cell (as 
described above) and the MCT protein is expressed in the host cell. The MCT ptotein 
can then be isolated from the cells by an appropriate purification scheme using standard 
protein purification techniques. Alternative to recombinant expression, an MCT protein, 
polypeptide, or peptide can be synthesized chemically using standard peptide synthesis 
30 techniques. Moreover, native MCT protein can be isolated from cells (e.g., endothelial ' 
cells), for example using an anti-MCT antibody, which can be produced by standard 
techniqiies iitilizdng an MCT protein or fragment thereof of this invention. 

The invention also provides MCT chimeric or fusion proteins. As used herein, 
an MCT "chimeric protein" or "fusion protein" comprises an MCT polypeptide 
35 operatively linked to a non-MCT polypeptide. An "MCT polypeptide" refers to a 

polypeptide having an amino acid sequence conesponding to an MCTT protein, whereas 
a "non-MCT polypeptide" refers to a polypeptide having an amino acid sequence 



corresponding to a proxein which is not substantially homologous lo the MCT protein, 
e.g., a protein which is different from the MCT protein, and which is derived from the 
same or a different organism- Within the fusion protein, the term "operatively linked" is 
intended to indicate that the MCT polypeptide and the non-MCT polypeptide are fused 
in-frame to each other. The non-MCT polypeptide can be fused to the N-terminus or C- 
terminus of the MCT polypeptide. For example, in one embodiment the fusion protein 
is a GST-MCT fu^on protein in which the MCT sequences are fused to the C-terminus , 
of the GST sequences. Such fusion proteins can facilitate the purification of 
recombinant MCT proteins. In another embodiment, the fusion protein is an MCT 
protein containing a heterologous signal sequence at its N-terminus. In certain host cells 
(e.g., mammalian host cells), expression and/or secretion of an MCT protein can be 
increased through use of a heterologous signal sequence. 

Preferably, an MCT chimeric or fusion protein of the invention is produced by 
standard recombinant DNA techniques. For example, DN A fragments coding for the 
ditfereni polypeptide sequences are ligaied together in-frame in accordance with 
conventional techniques, for example by employing blimt-ended or stagger-ended ^ 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation, in another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PGR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example. Current Protocoh in Molecular Biology, eds. Ausubel 
ei al. John Wiley 8c Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An MCT- 
encoding iiucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the MCT protein. 

Homologues of the MCT protein can be generated by mutagenesis, e.g., discrete 
point muution or tnmcation of the MCT protein. As used herein, the terai *'homologue" 
refers to a variant form of the MCT protein .which acts as an agonist or antagonist of the 
activity of the MCT protein. An agonist of the MCT protein can retain substantially the 
same, or a subset, of the biological activities of the MCT protein. An antagonist of the 
MCT protein can inhibit one or more of the activities of the naturally occurring form of 
the MCT protein, by, for example, competitively binding to a downstream or upstream 
member of the cell membrane component metabolic cascade which includes the MCT 
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protein, or by binding lo an MCT protein which mediates iranspon of compounds across 
such membranes, thereby preventing translocation from taking place. 

In an alternative embodiment, homologues of ihe MCT protein can be identified 
by screening combinatorial libraries of mutants, e.g., tnmcation mutants, of the MGT 
5 protein for MCT protein agonist or antagonist activity. In one embodiment, a variegated 
library of MCT variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of MCT variants 
can be produced by, for example, en2ymatically ligating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential MCT 
10 sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g., for phage display) containing the set of MCT sequences therein. 
There are a variety of mediods vvhich can be used lo produce libraries of potential MCT 
homologues from a degenerate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be performed in an automatic DNa synthesizer, and the 
15 synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
set of genes allows for the provision, in one mixture, of all of the sequences encoding 
the desired set of potential MCT sequences. Methods for synthesizing degenerate 
Oligonucleotides are known in the an (see, e.g., Narang, S.A. (1 983) Tetrahedron 39:3 ; 
Iiakura et al. (1984) >lw«2^. yfev. AocA^/n. 53:323; Itakura et d 
20 l98:1056;Ikeetal.(1983)Nur/eir^o^^ei'. 11:477. 

In addition, libraries of fragments of the MCT protein coding can be used to 
generate a variegated population of MCT fragments for screening and subsequent 
selection of homologues of an MCT protein. In one embodiment, a library of coding 
' sequence fragments can be generated by treating a double stranded PCR fragment of an 
25 MCT coding sequence with; a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA, renaturing the DNA to 
form double stranded DNA which can include sensc/antisense pairs from different 
nicked produas, removing single stranded ponions from reformed duplexes by 
treatinent with SI nuclease, and ligating the resulting fragment library into an expression 
30 veaor. By this method, an expression library can be derived which encodes N-terminal, 
C-ierminal and internal fragments of various sizes of the MCT protein. 

Several techniques are known in the an for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
35 rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
MCT homologues. The most widely used techniques, which are amenable to high 
through-put analysis, for screening large gene libraries typically include cloning the 
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gene library inio replicable expression vectors, rransfonning appropriate cells with the 
resulting library of vectors, and expressing ihe combinatorial genes linder conditions in 
which detection of a desired aaivity facilitates isolation of the vector encoding the gene 
whose product was detected. Recursive ensemble mutagenesis (REM), a new technique 
5 . which enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify MCT homologues (Ajkin and 
Yourvan (1992) PNAS 59:7811-7815; Delgrave eral. (1993) Proiein Engineering 
6(3):327.331). 

In another embodiment, cell based assays can be exploited to analyze a 
10 variegated MCT library, using methods well known in the an. 

D Uses and Meihods of rhe Invemion ' * 

The. nucleic acid molecules, proteins, protein homologues, fusion proteins, 
primers, vectors, and host cells described herein can be used in one or more of the 
15 following methods; identification of C. gjuramicum and related organisms; mapping of 
genomes of organisms related to C. gluiamicum; identification and localization of C. 
gluiamicum sequences of interest; evolutionary studies; detemiination of MCT protein 
regions required for function; modulation of an MCT protein activity; modulation of the 
metabolism of one or more cell membrane components; modulation of the 
20 transmembrane transpon of one or more compounds; and modulation of cellular 
production of a desired compoimd, such as a fine chemical. 

The MCT nucleic acid molecules of the invention have a variety of tises. first, 
they may be used to identify an organism as hcmg Corynebacterium gluiamicum or a 
close relative thereof. Also, they may be used to identify the presence of C gluiamicum 
25 or a relative thereof in a mixed population of microorganisms. The invention provides 
the nucleic acid sequences of a nuniber of C. glutamicum genes; by probing the 
extracted genomic DNA of a culture of a unique or mixed population of microorganisms 
under stringent conditions with a probe spanning a region of a C. glutamicum gene 
which is unique to this organism, one can ascertain whether this organism is present. 
30 Although Corynebacierium glutamicum itself is nonpathogenic, it is related to 

pathogenic species, such as Corynebacierium diphrheriae. Detection of such organisms 
is of significant clinical rele vance. 

Further, the nucleic acid and protein molecules of the invention may serve as 
markers for specific regions of the genome. This has utility not only in the mapping of 
35 the genome, but also for functional studies of C gluiamicum proteins, for example, to 
idennty the region of the genome to which a particular C. gluiamicum DNA-binding 
protein binds, the C. glutamicum genome could be digested, and the fragments incubated 
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with the DNA-binding proxein. Those which bind the protein may be additionally probed 
with the nucleic acid molecules of the invention, preferably with readily detectable 
. labels; binding of such a nucleic acid molecule to the genome fragment enables the 
localization of the fragment to the genome map of C. glufamicum, and, when performed 
5 multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the protein binds. Farther, the nucleic acid moleciUes of the 
invention may be sufficiently homologous to the sequences of related species such that 
these nucleic acid moleciJes may serve as markers for the consmiaion of a genomic 
map in related bacteria, such as Brevibaaerium iQcwfermenxum, 

10 The MCT nucleic acid molecules of the invention are also useful for 

evolutionary and protein struciural studies. The rhexabolic and transpon processes in 
which the molecules of the invention participate are utilized by a wide' variety of 
prokaryotic and eukaryotic cells; by comparing the sequences of the nucleic acid 
molecules of the present invention to those encoding similar enzymes from other 

15 organisms, the evolutionary relatedness of the organisms can be assessed. Similarly, 
such a comparison permits an assessment of which regions of the sequence are 
conserved and which are not, which may aid in determining those regions of the protein 
^ which are essential for the functioning of the enzyme. This type of determination is of 
value for protein engineering studies and may give an indication of what the protein can 

20 tolerate in terms of mutagenesis without losing function- 
Manipulation of the MCT nucleic acid molecules of the invention may result in 
the production of MCT proteins haying functional differences from the wild-type MCT 
proteins. These proteins may be improved in efficiency or activity, may be present in 
greater numbers in the cell than is usual, or may be decreased in efficiency or activity. 

25 There are a number of mechanisms by which the alteration of an MCT protein of 

the invention may directly affect the yield, prodiKtion, and/or efficiency of production 
of a fine chemical from a C glufamicum strain incorporating such an altered protein. 
Recovery of fine chemical compoimds from large-scale cultures of C. gluiamicum is 
significantly improved if C. gluiamicum secTetes the desired compounds, since such 

30 compounds may be readily purified from the culture medium (as opposed to extracted 
from the mass of C gluramicum cells). By either increasing the number or the aai vity 
of transporter molecules which expon fine chemicals from the cell, it may be possible to 
increase the amount of the produced fine chemical which is present in the extracellular 
medium, thus permitting greater ease of harvestihg and purification. Conversely, in 

35 order to efficiently overproduce one or more fine chemicals, increased amounts of the 
cofactors, precursor molecules, and intermediate compounds for the appropriate 
bio synthetic pathways are required. Therefore, by increasing the number and/or activity 
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of transporter proieins involved in The import of nuirienis, such as carbon sources (i.e.. 
sugars), nitrogen sources (i.e., amino acids, ammonium salts), phosphate, and sulfur, it 
may be possible to improve the production of a fine ehemicaJ, due to the removal of any 
nutrient supply limitations on the biosynthetic process. Further, fatty acids and lipids 
5 are themselves desirable fme chenaicals, so by optimizing the activiiy or increasing ihe^ 
number of one or more MCT proteins of the invention which participate in the 
biosynthesis of these compoimds, or by impairing the activiiy of one or more MCT 
proteins which are involved in the degradation of these compounds, it may be possible 
to increase the yield, productioii, and/or efficiency of production of farty acid and lipid 
10 molecules firom C. ^/Kro/n/cw/Tj. 

The engineering of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
more desired fine chemicals from C .glufamicum, for example, the noraxal biochemical 
processes of metabolism result in the production of a variety of waste products (e.g., 
15 hydrogen peroxide and other reactive oxygen species) which tnay actively interfere with 
these same metabolic processes (for, example, peroxynitrite is known to nitrate tyrosine 
side chains, thereby inaaivating some enzymes ha\dng tyrosine in the active site 
((jTOves, J.T. (1999) Curr. Opin. Chem. Biol 3(2): 226-235). While these waste 
products are typically excreted, the C. glutumicum strains utilized for large-scale 
20 fermentative production are optimised for the overproduction of one or more fine 

chemicals, and thus may produce more waste products than is typical for a wild-type C 
glufumicum. By optimizing the activity of one or more MCT proteins of the invention 
which are involved in the expon of waste molecules, it may be possible to improve the 
viability of the cell and to maintain efficient metabolic activiiy. Also, the presence of 
25 high intracellular levels of the desired fine chemical may actually be toxic to the cell, so 
by increasing the ability of the cell to secrete these compounds, one may improve the 
viability of the cell. 

Further, the MCT proteins of the invention may be manipulated such that the. 
relative amounts of various lipid and fatty acid molecules produced are altered. This 
30 may have a profound effect on the lipid composition of the membrane of the cell. Since 
each type of lipid has different physical propenies, an alteration in the lipid composition 
of a membrane may significantly alter nicmbrane fltiidity. Changes in membrane fliaidiiy 
can impact the transpon of molecules across the membrane, which, as previously 
explicated, may modify the e»pon of waste products or the produced fine chemical or 
35 the impon of necessary nutrients. Such membrane fluidity changes may also profoundly 
affect the integrity of the cell; cells with relatively weaker membranes are more 
vulnerable in the large-scale fcrmentor environment to mechanical stresses which may 




damage or kill ihe cell. By manipulating MCT proieins involved in ihe production of 
fany acids and lipids for membrane construciion such thai the resulting membrane has a 
membrane composition more amenable to the environmental conditions extant in the 
cultures utilized to produce fine chemicals, a greater proportion of the C gluiamicum 
cells should survive and multiply. Greater numbers of C. gluramicum cells in a culture 
should translate into greater yields, production, or efliciency of production of the fine 
chemical from the culture. 

The aforementioned mutagenesis strategies for MCT proteins to result in 
increased yields of a fine chemical from C. gJuramU um are not meant to be limiting; 
variations on these strategies will be readily apparent to one skilled in the an. Using 
such strategies, and incorporating the mechanisms disclosed herein, the nucleic acid and 
protein molecules of the invention may be utilised to generate C glutumicum ov rtlaitd 
strains of bacteria expressing mutated MCT nucleic acid and protein molecules such that 
the yield» production, and/or efficiency of production of a desired compound is 
improved. This desired compound may be any natural product of C gluiamicum, which 
includes the final producxs of biosynthesis pathways and intennediates of naturally- 
occurring metabolic pathways, as well as molecules which do not naturally occur in the 
metabolism of C. gluiamicum, but which are produced by a C gluiamicum strain of the. 
invention. 



This inveniion is fiinher illustrated by the following examples which should not 
be construed as limiting. The contents of all references, patent applications, patents, and 
published patent applications cited throughout this application are hereby incorporated 
by reference. 
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Exemplification 

. ■■ ' ' 

Exaimple 1: Prepararion of total genomic DNa of Corynebacterium glutamicum 
ATCC 13032 

10 A culture of Corynthacteriimi gluiamicum (aTCC 13032) was grown overnight 

at 30X with vigorous shaking in BHI mcdiimi (Difco), The cells were harvested by 
centiifugarioni the supernatant was discarded and the cells were rcsuspendcd in 5 ml 
buffer-l (5% of the original volimie of the culture — all indicated volumes have been 
calculated for 100 ml of culture volume). Composition of bufter-1: 140.34 g/1 sucrose^ 

15 2.46 g/1 MgSO, X 7HA 10 ml/1 KH2PO4 solution (100 g/U adjusted to pH 6.7 with 
KOH), 50 ml/1 M12 concentrate (10 g/1 (NH.).SO,, 1 g/l NaCl, 2 g/I MgSO. x 7HA 
0,2 g/1 CaCU, 0.5 g/1 yeast extract (Difco), 10 ml/l trace-elements-mix (200 mg/1 FeSO^ 
X H,0, 10 mg/1 ZnSO. x 7 H.0, 3 mg/1 MnCU x 4 H^O, 30 rag/1 HjBO, 20 mg/1 CoCl, x 
6 H2O, 1 mg/1 NiClj X 6 H2O, 3 mg/1 Na.MoO. x 2 HA 500 mg/1 complexing agent 

20 (£DTA or critic acid)» 100 ml/1 vitamins-mix (0.2 mg/l biotin, 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid, 20 mg/1 riboflavin, 40 mg/1 ca-panthothenaie, 140 mg/1 
nicotinic acid, 40 mg/1 pyridoxole hydrochloride, 200 mg/1 myo-inosiiol). Lysozyme 
was added to the suspension to a final concentration of 2.5 mg/ml. After an 
[ approximately 4 h incubation at 37'C, the cell wall was degraded and the resulting 

25 protoplasts are harvested by cenirifugation. The pellet was washed once with 5 ml 
buffer-I and once with 5 ml TE-buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8). The 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. After adding of proteinase K to a final conctmtraiion of 
200 ^g/ml, the suspension is incubated for ca. 1 8 h at 37*'C. The DNa was purified by 

30 extraction with phenol, phenol-chlorofoiTO-isoamylalcohol and chloroform 

isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volmnes of ethanol, followed by a 30 min 
incubation at -20*?C and a 30 min centrifiigation at 12,000 rpm in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNA was dissolved in 1 ml TE-buffer containing 20 
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Hg/ml RNaseA and dialysed ai 4**C against 1000 ml TE-buffer for ai least 3 hours. 
During this tinie, the buffer was exchanged 3 times. To aUquois of 0.4 ml of the - 
dialysed DNA solution, 0.4 ml of 2 M LiCl and 0.8 ml of eihanol are added. After a 30 
min incubation at -20*^C, the DMA was collected by centrifugation (13,000 ipm, Biofiige 
5 Fresco, Heraeus, Hanau, Germany). The DNA pellet was dissolved in T£-buffer. DNA 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2: Construction of genomic libraries in Escherichia coli of Corynebucterium 

10 glutamicum ATCC13032, 

Starting from DNA prepared as described in Example 1. cosmid and plasniid 
libraries were constructed according to known and well established ntxeihods {see e.g., 
Sambrook, J. t( ai, (1989) "Molectilar Cloning : A Laboratory Manual", Cold Spring 
Harbor Laboratory Press, or Ausubel, f .M. ei ai (1994) **Current Protocols in Molecular 

15 Biology". John Wiley & Sons.) 

Any plasmid or cosmid could be used. Of particular use were the plasmids pBR322 
(Suicliffe, J.G. (1979) Proc. Nad. Acad. Sci. USA, 75:3737-3741); pACYC177 (Change & 
Cohen (1978) J. Bacteriol 134:1 141-1 156), plasmids of the pBS series (pBSSK-^, pBSSK- and 
others; Stratagene, LaJolla, USA), or cosmids.as SuperCosl (Stratagene, LaJolla, USA) or 

20 Lorist6 (Gibson, TJ., Rosenthal A. and Waterson, R.H. (1987) Gene 53:283-286. 

Example 3: ONA Sequencing and Computational Functional Analysis 
( Genomic libraries as described in Example 2 were used for DNA sequencing 

according to standard methods, in particular by the chain temiination method using 
25 AB1377 sequencing machines (see e.g., Fleischman, R.b. et al. (1995) "Whole-genome 
Random Sequencing and Assembly of Haemophilus Influen2ae Rd., Science, 269:496- 
512). Sequencing primers with the folio wing nucleotide sequences were used: 5'- 
GGAAACAGTaTGACCaTQ-3' or 5'-GTAAAACGaCGGCCaGT-3\ 

30 Example 4: //I vfvcf Mutagenesis 

In vivo mutagenesis of Curynehacterium gJutamicum can be performed by passage of 
plasmid (or other vector) DNA through E. coli or other microorganisms (e.g. Bacillus spp. or 
yeasts such as Saccharomyofs cerevisiae) which are impaired in their capabilities lo n:iaintain 
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ihe integriiy of their generic informaiion. Typical muiaior strains have mutations in the genes 
for the DNA repair system (e.g., mutHLS, mutD, muiT, etc.; for reference, see Rupp, W.D. 
(1 996) DNA repair mechahisnis, in: Escherichia col\ and Salmontlla, p. 2277-2294, ASM: 
Washington.) Such strains are >vell known to those skilled in the an. The use of such strains is 
5 illustrated, for example, in Greener, A, and Callahan, M. (1994) Strategies 7: 32-34. 

Example 5: DNA Transfer Benveen Escherichia coii and Corynebacterium 
glutamicum 

Several Corynebacterium and Brtvibacftrium species contain endogenous 

10 plasmids (as e.g., pHM15 19 or pBLl) which replicate autonomously (for review see, e.g., 
Manin* J.F. e/fl/ (1Q87) Biotechnology, 5:137-146). Shunle vectors for £4c/jer/cfc« co// 
and Corynebacttrium gluramicum can be readily constructed by using standard vectors for 
£ call (Sambrook, J. er al. ( 1 989), **Molecular Cloning: , A Laboratory Manual". Cold 
Spring Harbor Laboratory Press or Ausubel, F.M. er al (1 994) "Current Protocols in 

1 5 Molecular Biology", John Wiley & Sons) to which a origin or replication for and a 

suitable marker from Corynebacterium glutamiciim is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Corynebacterium and 
Brevibaderium species. Of particular use as transfoimation markers for these species are 
genes for kanamycin resistance (such as those derived from the Tn5 or Tn903 ^ 

20 transposons) or chloramphenicol (Winiuurker, E.L. (1987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinheim). There are numerous examples in the 
literature of the construction of a wide variety of shunle vectors which replicate in both E. 
coU und C. glutamicum, and which can be used for severdl purposes, including gene over- 
expression (for reference, see e.g., Yoshihama, M. et al. (1985) J. Baaeriol. 162:591-597, 

25 Martin J.F. et al. (1987) Biotechnology, 5:137-146 and Eikmanns, B.J. et al. (1991 ) Gene. 
102:93-98). 

Using standard methods, it is possible to clone a gene of interest into one of the 
shuttle vectors described above and to introduce such a hybrid vectors into strains of 
Corynebacterium glutamicum. Transformation of C glutamicum can be achieved by 
30 protoplast transformation (Kastsiunaia, R. et al. (1984) J, Bacteriol. 159306-31 1), 

electroporation (Liebl, E. et al. (1989) FEMS Microbiol Leners. 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e,g. in Schafer, A et al. 
(1990) J. Bacteriol. 172; 1663-1 666). It is also possible to transfer the shutde vectors for 
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C gluxamicum to E. coli by preparing plasmid DNa from C. glufumicum (using standard 
nxeihods well-known in the an) and transfonning it into £. coli. This transformation step 
can be performed using standard methods, but it is advantageous to use an Mcr-deficiem 
£ coli strain, such as NM522 (Cough & Murray (1983) J. Mol. Biol. 166:1-19). ' 

S ' ' . • ' - 

Example 6: Assessment of The Expression of the Mutant Protein 

Observations of the activity of a mutated protein in a transformed host cell rely on 
the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
I to that of the wild-type protein. A useful method to ascertain the level of transcription of 
10 the mutant gene (an indicator of the amoimt of mRhiA available for translation to the gene 

product) is to perform a Northern blot (for reference see, for example, Ausubel ei al. 
^ (1988) Current Protocols in Molecular Biology, Wiley: New York), in which a primer 

designed to bind to the gene of interest is labeled with a detectable tag (usually radioactive 
or chemiluminesceni), such that when the total RNA of a culture of the organism is 
15 extracted, run on gel, transferred to a stable matrix and incubated with this probe; the 
binding and quantity of binding of the probe indicates the presence and also the quantity 
of mRNA for this gene. This information is evidence of the degree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Corynebacterium gluxamicum by 
several methods, all well-kiiown in the an, such as that described in Bormann. E.R. et al. 
20 {1992) Mol MicrobtQL6:Z\l '126. 

To assess the presence or relative quantity of protein translated from this mRNA, 
standard techniques, such as a Western blot, nmy be employed (see, for example, Ausubel 
et al. (1988) Cuixent Protocols in Molecular Biology, Wiley; New York). In rfiis process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
25 matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 
specifically binds to the desired protein. This probe is generally tagged with a 
chemiluminescent or colorimctric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the desired mutant 
protein present in the cell. 

30 
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Example 7: Growth of Geaetically Modified Coiynebacierium glutamicum — Media 
" and Culture Conditions 

Generically modified Corypurhacieria are culTUxed in synihexic or naiural ero\vih 
media. A number of different growth media for Corynebacteiia are both well-known and 
5 readily available (Lieb et al (l989)'^Appl. Microbiol. BioiechnoL, 32:205-210; von der 
Osien et al (1 998) Biotechnology Leners, 11:11-16; Patent DE 4,1 20,867; Liebl ( 1 992) 
•*The Genus Corynebacteniim, in: The Procaxyotes, Volume II, Balows, A. etal, eds. 
Springer-Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts, vitamins and trace elements. Preferred carbon sources are sugars, such as 

10 mono-, di-^ or polysaccharides. For exainple, glucose, fructose, maimose, galactose, 
ribose, sorbose, ribulose, lactose, maltose, sucrose, raffinose, starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 

15 ^ sources are alcohols and organic acids, such as methanol, eihanol, acetic acid or lactic 
acid Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ainmonia gas or 
ammonia salts, such as NH^Cl or (NHO^SO,, NH,OH, nitrates, urea, amino acids or 
complex niuogen sources like com steep liquor, soy bean flour, soy bean protein, yeast 

20 extract, meat exiraa and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfete- salts of calcium, magnesium, sodium, cobalt, 

/ molybdenum, poiassiimi, naanganese, 2inc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution, Particularly usefixl chelating 

25 compounds include dihydroxyphenols, like catechol or protocatechuate, or organic acids, 
such as citric acid. It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include biotin, riboflavin, thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, com steep 

30 liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook ''Applied Microbiol. Physiology, A 
Practical Approach (eds. P.M. Rhodes, PJ^. Stanbujy, IRL Press (1997) pp. 53-73, ISBN 0 



199635773). It is also possible to selea growth media from conuncrcial suppliers like 
standard 1 (Merck) or BHl (grain hean infusion. DIFC) or others. 

All medium components are steriliaed. either by heat (20 minutes at 1 .5 bar and 
Ul C) or by sterile filtration. The components can either be sterilized together or if 
necessary, separately. All media components can be present at the beginning of growth 
or they can optionally be added continuously or batchwise. 

Culture conditions an. defined separately for each experiment. TT.e temperature 
. should be in a range between 1 S'C and 45-C. The temperature can be kept constant or can 
^ be altered during the experiment. The pH of the medium should be in the range of 5 to 
8.5. preferably around 7.0. and can be maintained by the addition of buffers to the media 
An exemplary buffer for this purpose is a potassium phosphate buffer. Synthetic buffers 
.uch as MOPS. HEPES. ACES and others can alternatively orsimulta^^^ 
IS also possible to maintain a constant culture pH through the addition of NaOH or 

mOH during growth. If complex medium components such a. yeast extract are utilised 
15 *enecessityforadditionalbufiersmaybereduced.duetothefactthatmanycomplex ' 
^ compounds have high buffer capacities. If a fermentor is utilised for culniring the micro- 

orgamsms, the pH can also be controlled using gaseous ammonia. 

The incubation time is usually in a range from several hours to several days This 
time as selected in order to pemui the maximal amount of product to accumulate in the 
!0 broth. The disclosed gro^voh experiments can be carried out ina variety of vessels, such as 
microtiter plates, glass tubes., glass flasks or glass or metal fermentors of different sizes 
for screening a large number of clones, the microorganisms should be cultured in 
microtiter plates, glass tubes or shake flasks, either with or without baffles. Preferably 
100 ml shake flasks are used, filled with 10% (by volume) of the required growth 
5 medium. The flasks should be shaken on a rotary shaker (amplitude 25 mm) using a 
speed-range of 100 - 300 rpm. Evaporation losses can be drminished by the maintenance 
of a humtd atmosphere; alternatively, a mathematical correction for evaporation losses 
Should be performed. 

If genetically modified clones are tested, an unmodified control clone or a control 
clone containing the basic plasmid without any insen should also be tested. The medium^ 
ts moculated to an OD^ of 0.5 - 1.5 using cells grown on agar plates, such as CM plates 
(10 g/1 glucose. 2.5 g/1 NaCl. 2 g/l urea. 10 g/1 polypeptone. 5 g/1 yea., extract. 5 g/1 meat 
extract. 22 g/l NaCl. 2 g/l urea, 10 g/1 polypeptone. 5 g/1 yeast extract. 5 g/l meat extract. 
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35 



22g/Ugar,pH6.SwiU,2MNaOH,*.,h.db..„i.,,,,„,„30-c. ,nocu,auo„ of 
from CM pla,« or addition of a liquid preaU,ura .fftis bacerium. 

E«mpk 8 -/„ vi,r« Analysis of the r„„c,i„„ of M„,aa, Proteins 

estabn o^"^"" wall 

csubhshed m the ax. Experiments to detemnne the activity of any giv«, al,eh«i 

«^e m,^, be tailored to U,e specific activity of the wild-type en^e. which is well 
wthtn the abtUty of one skmed in the an. Overviews about ^y^n iZl 

~ f H ^™"'^«- '^^^ '■PP'-tio'anT 

^mples for the de,ermu>ation of many en^e activities may be found, for e:<ample, in 

*e followmg reference.: Dixon. M. and Webb, EC.. (1979, Enzymes, tong^^^ 
London: Fersht. (1985, Enzyme Stnicture and Mechanism, freeman: New y^T 

Walsh (1979, &u!ymatic Reaction Mechanisms. Freeman: San Ftancisco; Price NC 
Stevens L. (1982, Fundamentals of Enzymoloey Oxford Univ. Press: Oxford- Boy«' 
PJ>.. ed. (1983, The En^s. 3™ ed. Academic Press: New York; Biss^'t „ 
(.994, Enzymyneti^ 2~ ed. VCH: Veinheim (ISBN 3527300325, ^e^^ H V 

. f f o Encyclopedia oflndu^ Chemistry 

> (1987, vol. A9. -Enzymes". VCH: Weinheim. p. 352-363 

'^"y rfproKi-s which bind to DNA can be measured by several well- 

e«abj.hed methods, such as BNA band-shift assays (also called gel retardation assays,. 

^e effect of such proteins on the expression of other molecdes can be measured JJ 

establtshed for apphcanons in boti, pro- and eukaryonc cells, using enzymes such as^ 
beia-galactosida«. green fluorescent protein, and sevetal others . ' 

TT«'l««™>i»^tionofactivi,y ofmembrane.transpon proteins can be perf^^ 
accordtng to techniques such as .hose described in Gennls. R.B. (1989, "Pores 

Cham«=ls and Transponets", in Biomeabtahes. Molecular SmKture and Function 
Springer: Heidelberg, p. 85-137; 199-234; and 270-322. ' 

ProTucr °" Produ«io« of the Desired 

The effect of the genetic modification in C giuramicum on production of a ' 
desH^d compound (such as an amino acid) can be assessed by growing the modified 
microorganism under suitable conditions (such as those clescribed above) and analyzing 
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. the xnedium and/or the cellular component for increased production of the desired 
product 0... an ^ino acid). Such analysis techniques are .ell ki,own to one skilled in 
the an, and include spectroscopy, thin layer chromatography, staining methods of 
vanous k^nds, enzymatic and microbiological methods, and analytical chromatography 
such as high perfonnance liquid chromatography (see, for example, Ullman 
Encyclopedia of Industrial Chemistry, vol. A2, p. 89-90 and p 443-613 VCH" 
Wemheun (1 985); Fallon, A. et al.. (1 987) -Applications of HPLC in fiiochemistry" in- 

n'^-.Tp'^ 17:Rehmetal. " 

11^ L 'ri recovery and purification", page 

469.714. VCH:Weinheim;Belter.P.A.etal.(l988)Bioseparations:downstre^ 
processing for biotechnology. John AViley and Sons; Kemiedy. J.F. and Cabral. J.M.S. 

(1992) R^oveiy processes for biological materials. John Wiley and Sons; Shaeiwitz. 
J-A. and Henry. J.D. (1988) Biochemical reparations, in: Ulmann's Encyclopedia of 

7^71?^'^"^' Chapter tl. page 1-27, VCH: Weinheim; and Dechow, 

1-.J. (1 989) Separataon and purification techniques in biotechnology Noyes 
Publications.) 

In addition lo the measurement of the final product of fennentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
produaion of the desired compound, such as intennediates and side-products to 
deteinune the overall efficiency of production of the compound. Analysis methods^ 
mclude measuremenis of nutrient levels in the medium (e.g.. sugars, hydrocarbons 
muogen sources, phosphate, and other ions), measurements of biomass composition and ■ 
growth, analysis of the production of common metabolites of biosynthetic pathways and 
measurememofgasses produced during fennentation. Standard meUlods for these ' 

P tT'^rr' "'^ ""'^""'^ ^ ^PP"''* ^^""^'^ Physiology, A Practical Approach. 
P.M. Rhodes and P.F. Stanbury. eds.. IRL,Press. p. 103-129; 131-163; and 165-19'' 
(ISBN: 0199635773) and references cited therein. 

Example 10: Purilicarion of the Desired Product from C gimamicu^ Culture 

Recovery of the desired product from the C. gluramicu^ cells or supemaiani of 
the above-described culture can be performed by various methods well known in the an 
If the desired produa is no: secreted fi-om the cells, the cells can be harvested from the ' 
culmre by low-speed centrifugation. the celh can be lysed by standard techniques, such 
as mechanical force or sonicaUon. TTie cellular debris. is removed by centrifugation. and ' 
the supemaiani fraaion coniaining ihe soluble proteins is retained for further 
purification of the desired compound. If the product is secreted from the C glufcmicum 
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supemaK fiacnon IS reamed for flmher purification. 

.h,„ 'f™'""' ft^"^""" "Uurr purification meAod is subjected to 
ctoo^atography ,«th a suitable resin, in „hich the desired molecule is eitl^^ ".ained on 

, ^«.ues are retained by the resm while the satnple is not. Such chrontat gr^T ^ 

rt ""l r """" '"'"■^""^ » of «PP"Pria,nL^"± 

^e purtfied product may be concentrated by filtration or ultrafilnation; and stored at a 
temperature a, which a,esiabUityoffl« product IS maximized . 

^.^'"^•^^'n^ofpuriacationmethodstaowntotheanandthe 
^cedmg method ofpurifieationi. not meant » be limitinB. Such purification 
«chn.,ues a^ described, for example, in Bailey. ;.E. * OlUs. D.5. Bidchelal 
15 engmeenns Fundamentals. MeCtawHiUiNe* York (1986) 

standard'lM'"""'".^ " '"""^ """""-""^ >"= ^^^^^^ "y .echniques 

»«>dard m Ae art. Tlese include hish-perfonnance liquid chromatoeraphy (HPLC) 

assay ormtcrob,ologtcaU,. Suchanalysismethodsarereviewedin:Pateke.aI ,15941 
3rlf;i:TT°"''^ ■^^-'^0^Ma,akhovaetal.<1996;^.o,e ' . 

32 and Schmtd, e, al. 099iyBioproc,ss Engineer. 19: 67-70. Ulmann's Encyclopedia 
of Indusuul Chemistty. (1 996, vol. A27. VCH: Weinheim. p. 89-90, p. 5'1.5« p 540 

°' ('^'> BiocheJcal Paiwly's t 
Arias of Brochem.s.,y and Molect^arBiolo^^ ^ 

(I987Mpphca,.ons of HPLC in Biochemistry in: Laboratory Techniques in 
Biochemistry and Molecular Biology, vol. 17. 



Equivalents 



- TTtose sUUed in the art will recognize, or will be able to ascertain using no more 
Aan routine experimenation, many equivalents to the specific cmbodimen" of Xe 
fn^cSs"^--"" — — -eencompassedl^le 
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BASF Aktiengesellscliaft 990617 O.Z. OA50/J5012^4 

»RXA00459 -amino acid seciuence 
(1-987, translated) 329 residues 

VCTR AAGGGAVTLK RARELRKKRG RMAARIADSV MAGELLHATG AIDRELNAVT RDSDRWIAA 
VRRSWATGFS RALMAMAASL GTVSIVISGH LEVSEVAGIM MLLGVLATPV AELGRWEYR QNYKAATRIL 
IPLLQRGSEF KHSQQKLPGL QATEGIPGVY VKGISALPGE RIYLHGSADA TRKWVTSLSA MEEGTDVIVN 
GQRLSQLPLK QRRALIGIAS AHHHLSRGSV SRLVGLRVPD ATVEEIEQAL EQVGLNNTGK QRLKNGGHPW 
STSQINKLKI ASATLRTPPL LVLEGITPEN LLNYPGYIIS TVQENPSETW RQVNI 
>RXA00459 -nucleotide sequence A: upstream 

AGGCGTGGCTGTTACTGTGCCACTGCTCAT ' ^ 

>RXA00459 -nucleotide sequence B: coding region 

GTGTGTACCCGTGCTGCCGGTGGTGGCGCGGTGACTTTGAAAAGAGCACGTGAACTACGCAAAAAACGTGGACGCAT 
GGCTGCGCGGATCGCAGATTCTGTCATGGCTGGAGAATTACTGCACGCAACAGGAGCAATAGACCGTGAGCTCAATG 
CAGTCACCCGAGATTCCGACCGAGTGGTGATAGCTGCTGTAAGACGTTCCTGGGCCACCGGTTTTAGCCGCGCATTG 
ATGGCCATGGCAGCCTCGCTTGGCACTGTCAGCATTGTGATTTCTGGCCACCTGGAAGTAAGTGAGGTTGCGGGAAT 
AATGATGCTTCTTGGCGTTCTTGCCACTCCAGTTGCAGAACTTGGCCGCGTGGTGGAATATCGCCAAAATTATAAAG 
CCGCGACACGCATCCTGATTCCACTTCTGCAACGAGGCTCAGAATTTAAACACTCCCAACAAAAACTACCCGGGTTG 
CAAGCAACAGAAGGAATCCCCGGTGTCTATGTCAAAGGTATTTCCGCCCTTCCTGGAGAACGGATCTACCTCCACGG 
CTCTGCAGATGCGACGAGAAAATGGGTCACCTCGTTGTCTGCAATGGAGGAAGGCACAGATGTAATAGTCAACGGTC 
AAAGGCTTTCGCAGCTTCCTTTGAAACAAeGACGGGGGGTCATCGGAATCGCCTCAGCACACCACCACTTi^ 
GGTTCAGTATCGCGCCTGGTTGGTTTGCGAGTGCCGGATGCCACCGTGGAAGAAATTGAGCAAGCACTGGAACAAGT 
'-TGGTCTGAACAACACCGGGAAACAACGCTTGAAAAACGGCGGACACCCCTGGAGTACTTCGCAGATCAACAAACTGA 
AAATTGCCAGCGCCACCCTTCGAACCCCACCGCTTTTGGTACTTGAAGGCATCACCCCTGAAAACCTCCTCAACTAT 
CCCGGAGTGATCATCTCCACCGTTCAGGAGAACCCATCCGAAACATGGCGGCAAGTGAACATC > 
>RXA00459 -nucleotide sequence C: downstream 
TAATCTAGAAACATGGCAGGACG ^ 



BASF A3ctiengesellsclia£t 990617 O.Z. 0050750124 

AppcndSLkr A* «c IB ; /' ^ 

»RXA00410-amino acid sequence 
(1-666, translated) 222 residues 

MMIYGKGSTE VRAUDGISVQ IQSDKWTSIM GQSGSGKTTL LQCLSGLAQP TSGRVTIiNKN NITLSSLSEN 
KRAKLRRTHI SMVFQDFNLV PILSVKDNIL LPLRIAHRRV DKQWFEHITS VLKIDNRMRH LPGELSGGQQ 
QRAAIARALM SRPDIVIADE PTGSLDSVTS DAVLNLFRSI VDDFGQSLVF VTHDKDAAHR GDVLITMRDG 
KIIDTADLRV. GR 

>RXA00410-nucleotide sequence A: upstream 

GTGTTGATGCGTTAGTCCACCCACGCAGCTACGCCCCAAAGGAATAATCTTGAACCCTGCCACAGATAACGCTCCGC 
CGGTCCTTTCAGCCCAAGATCTC 

>RXA00410-nucleotide sequence B: coding region 

ATGATGATCTATGGAAAAGGATCAACAGAAGTTCGGGCTCTCGATGGCATTTCTGTACAG^ 

GACCTCCATCATGGGGCAATCAGGCTCTGGCAAAACAACTCTGTTGCAGTGCCTTTCCGGATTGGCGC^ 

CJ^GGCAGAGTGACACTGAACAAAAACT^CATCACGTTGAGCTCCCT 

ACGCACATCAGCATGGTGTTTCAGGATTTCAACTTGGTGCCTATTTTGTCGGTGAAGGACAATATTTTGCTC^ 

GCGTCTTGCGCATCGCAGGGTGGATAAGCAGTGGTTTGAACACATCACCAGTGTGTTC^^ 

GCCATTTGCCTGGGGAGCTGTCTGGCGGTCAGCAACAACGCGCCGCGATTGCCCGGGCG 

ATTGTCATTGCGGATGAGCCAACAGGAAGTTTGGATTCCGTCACCAGCGATGCAGTGTTGAATT^ 

TGTTGATGATTTTGGGCAGTCACTTGTGTTTGTCACCCACGATAAAGATGCTGCTCACCGTGGTGACGTG 

CAATGCGTGATGGCAAGATCATCGATACGGCAGATTTGCGG^ 

>RXA00410-nucleotide sequence C: downstream 

TAATGTTCAGGCTTGCTTTCGCT 



BASF Aktiengesellsclxaft 990617 0,2. 0050/501^4 

^ ' ' *'*••*'*, 

»RXA.00526-amino acid sequence 
(1-690, translated) 230 residues 

MSLIEMRNIV KTYNIGSEGE LTVLHGVDFH VDRGEFVSW GTSGSGKSTM MNIIGLLDKP TDGTYTLDGV 
DVLDISDDAL ASHRAKSIGF VFQNFNLIGR IDALKNVEMP MMYAGIPAKQ ^RRSRAVEIXE MVGMGERIiNH 
EPNELSGGQK QRVAIARAIA NDPEIILADE PTGALDSATG RMVMDIFHQL NKEQGKTIVF ITHNPELADE 
SDRWTMVDG RIIGSEVKHS 

>RXAO 052 6-nucleo tide sequence A: upstream 

GGTGGAGCAGGCGGCGGCTCCTTTTAGTCCTGCGGCCCCTTTTGACCCTGCAGCCCCTGCCGTTTCTGCCAAGCJ^^ 

CCGTGGGCCAGGTGATTTAGCCT . , ^ 

>RXAO 052 6 -nucleotide sequence B: coding region 

ATGAGCCTCATCGAAATGCGAAATATTGTCy^GACCTACAACATTGGATCTGAAGGTGAACTCAC 

tgtggatttccatgtggaccgtg<x:gaattcgtgtcggttgtgggtacgtccggctcaggtaaatcaacgatgatga 

ACATCATTGGGTTGTTGGATAAGCCAACTGATGGCACGTACACCTTGGATGGCGTGGATGTGTTGGATA 

GATGCTTTGGCGAGCCACCGCGCTAAATCGATTGGTTTTGTGTTTCAGAACTTCAATCTGATTGGCCGGATCC^ 

GTTGAAGAATGTGGAAATGCCCJ^TGATGTATGCGGGCATTCCGGCTAAGCAGCGGAGAAGTCGTGCGGTTGAA 

TGGAAATGGTCGGGATGGGTGAGCGTCTCAACCATGAGCCCAATGAGCTTTCGGGTGGTCAGAAGCAG^ 

ATTGCTCGCGCGTTGGCGAACGATCCTGAGATCATTCTTGCTGATGAACCAACTGGTGGGTTGGATT 

ccggatggtgatggatattttccy^ccagctcaacaaggagc^ 
agcttgctgatgaatctgatcgggtggtcacgatggttgacgc^^ 

^ >RXAO 052 6 -nucleotide sequence C: doimstream 
TGAGCCTTGCAGAATCAATTCTT 



fiASF Aktiencresellscliaft: 990617 . O.Z, 0050/50124 

AppendS-Jc, J(C «i ^ : , ' 

»RXA00735-amino acid sequence 
(1-669, translated) 223 residues 

GPTGAGKTTL VNIilMRFYDI NSGSITLGET AQDAVDIRTM AREDLRSRTG MVIiQDTWLFA GTIRDNILYG 
RPEATEEEML AASKAAYVDR FVRSLPEGYD TVLDDEAMNL SVGERQLITI ARAFIANPRL LILDEATSSV 
DTRTELLIQR AMSKLRQDRT AFVIAHRLST IRDANLILMM KDGEIVEQGN HREI-MALEGA YWELYKSQFN 
APAKEELQAD GDH 

>RXAO 07 35 -nucleotide sequence B: coding region 

GGTCCCACCGGTGCGGGCAAGACCACATTGGTGAATCTGATCATGCGTTTCTACGACATCAACA^ 
TCTTGGTGAAACAGCACAAGAGGCCGTGGATATCCGCACCATGGCTAGAGAAGATCTGCGATC^ 

TGTTGCAGGATACGTGGCTGTTTGCCGGAACCATCAGGGATAACATTCTTTACGGTAGACCTGAAGCAACTGAGG^ 

GAAATGCTTGCTGCGTCCAAGGCCGCCTACGTGGATCGTTTTGTCCGTTCCCTGCCAGAAGGCTACGACACCGTACT 

TGATGATGAAGCCATGAACCTATCGGTGGGTGAACGCCAGCTGATCACCATCGCGCGTGCATTCTTGGCTAATCCCC 

GACTGCTGATTCTGGATGAAGCCACCTCATCGGTGGATACGCGTACCGAATTGTTGATTCAGCGCGCCATGTCCAAG 

CTGCGCCAAGACCGCACCGCCTTCGTCATCGCGCACCGGTTGTCCACGATTCGTGATGCCAACCTGATTTTGATGA 

GAAAGACGGCGAGATCGTGGAGCAGGGCAATCACCGTGAGTTGATGGCCCTGGAGGGCGCATATTGGGAGTTGTATA 

ACTCCCAATTCAACGCCCCCGCGAAAGAAGAATTACAGGCTGACGGAGATCAC 

>RXA00735 -nucleotide sequence C: dovmstream 

TGATGATTTCTTCTTAGGCTTTC . 



BASF Aktiengesellsclia£t 990617 O.Z. 0A50y30124 

* * 

»RXA007 34 -amino acid sequence 
(1-453, translated) 151 residues 

RHU^YGNEDA TETQLWQALA lAQAADFVKE MPEGLDSEIA QGGTNVSGGQ RQRLAIARAIi LKQPEIYIFD 
DSFSAIiDVST DAALRRALST NLPDATKLIV AQRVSTIRDA DQXWLDNGE WGIGTHTNL LNTCGTYREI 
VESQETAQAQ S ^ 

>RXAO 073 4 -nucleotide sequence B: coding region 

AGGCACCTGCGTTATGGCAATGAAGATGCCACGGAAACGCAGCTGTGGCAGGCGCTTGCAATTGCTC^ 

CTTTGTGCGTGAGATGCCAGAGGGTCTTGATTCTGAGATTGCTCAGGGTGGAACC7ATGTTTCTGGTGGTCAGCGCC 

AGCGACTAGCCATTGCCAGGGCGTTGTTGAAGCAACCTGAGATCTATATTTTCGACGATTCTTTCTCCGCCCTCG^ 

GTGAGCACAGACGCCGCTCTTCGCCGAGCGCTGAGCACCAACCTGCCGGATGCAACCAAGTTG^ 

TGTCAGCACGATTCGAGATGCCGATCAGATTGTGGTGCTTGATAACGGCGAGGTTGTCGGTATTGGAACGC^ 

ATTTGCTGAACACGTGCGGTACCTACCGTGAAATTGTTGAATCCCAAGAGACTGCGCAGGCGCAATCA 

>RXAO 07 3 4 -nucleotide sequence C: downstream - 

TGAGTAATACTGCAGGCCCCCGC 



BASF Alctiengesellscliaft 990617 O.Z. 0A50/;50124 

AppendfLic, X ^ ] 

»RXA00733-amino acid sequence 
(1-408, t:ranslat:ed) 136 residues 

MSNTAGPRGR SHQADAAPNQ KAQNFGPSAK RLFGILGHDR NTLIFVIFIA VLSVGLTVLG PWLLGKATNV 
VFEGFLSKRM PAGASKEDII AQLQAAGKHN QASMMEDMNL VPGSGIDFEK LW^IILGLVIG AYLIRS 
>RXAO 07 33 -nucleotide sequence A: upstream 

ACGGCGAGGTTGTCGGTATTGGAACGCACACGAATTTGCTGAACACGTGCGGTACCTACCGTGAAATTGTTGAATCC 
CAAGAGACTGCGCAGGCGCAATC 

>RXA00733-nucleotide sequence B: coding region * 

ATGAGTAATACTGCAGGCCCCCGCGGGCGTTCCCATCAGGCAGACGCCGCGCCGAATCAAAAGGCAC^ 

ACCATCTGCCAAAAGGCTTTTCGGAATTCTAGGCCATGACCGTAACACCTTAATTTTTGTTATCTTCCTAGCCGTCC^ 

TGAGCGTTGGACTTACCGTCTTGGGCCCATGGTTGCTGGGTAAAGCCACCAACGTGGTGTTTGAAGGATTCCTATCT 

AAGCGCATGCCGGCTGGTGCGTCAAAGGAAGATATCATCGCGCAGTTGCAGGCTGCAGGTA^ 

CATGATGGAAGACATGAACCTTGTTCCAGGCTCAGGCATTGATTTTGAAAAATTAGCCATG^ 

TCGGTGCTTATCTCATTCGTAGC 



BASF Aktiengeseliscliaft: 990617 O.Z. 0A50/^012;^4 

»RXA0087 8-aiiiino acid sequence 
(1-1863, translated) 621 residues 

MRLLGRILKT TSAIiWPYYLG IIWSIVIAA LSLLSPFILR EATDSIVSAV TGSNTVDAVT RTIIFLAIAL 
FVASFLNTVM TNIGGYIGDV MASRMRQILA TRYYAKLLAIi PQBCYFDNQVT GTIIARLDRS INGITQEMQS 
FSNNFFPMLI THVAVLIISA. IFYWPLAIIiL AMLFPIYMWL TALTSKRWQK YEGEKNHEID VANGRFAEW 
GQVKWKSFV AETREIADFG GRYGKTVAIT RPQSGWWHRM DTLRGAALNI IFIAIHLLIF YRTLHGHFTI 
GDMVMLIQLV TMAQQPVYMM^ SYIVDSAQRA lAGSRDYFEV MAQQVEPTAN KELVDATLAS DTPRISVGTP 
AALPAGEPAM EFKNVTFAYE EGKPVISDVS ITARHGERIA I^VGESGGGKS TLVNLLLGLY KPNSGSLAVC 
GVDVKDLTSE ELRASVGVyF QDASLFSGSI AENIAYGRPG ATREEIIEVA KKANAHEFIS AFPEGYETW 
GERGLKLSGG QKQRVSVARA MLKDAPIiLVL DEATSALDTK SEQAVQAGLE QIMENRTTLM lAHRLSTIAG 
VDTIVTIQNG RVEEVGSPTE LAVSGGIYSE LLRLTNSTAE ADRERLRAFG FTGDAPAEEE D 
>RXAOO 87 8 -nucleotide sequence A: upstresua 

CGAGATTAGGTCCGCTTCAGTTGTGGTGGCTCCGAATCTGATGAACAATGATCATTCCTAATTCA 
TCAAAGAGAGCCACCACCTACTA 

>RXAO 087 8 -nucleotide sequence B: coding region 

ATGCGACTTCTTGGTCGAATTTTAAAAACCACGTCTGCGCTTTGGCCCTACTATCTCGGAATTATCGTCGTATCCAT 

TGTGATCGCGGCGTTGTCGCTGCTGTCGCCGTTTATTCTCCGCGAAGCAACAGATTCCATTGTTTCTGCAGTAACCG 

GATCTAACACCGTCGATGCAGTTACTCGCy^CTATTATTTTCTtAGCTTTAGCCCTGTTTGTCGCAAGCTTCCTCJ^ 

ACGGTGATGACCAAGZATCGGTGGCTACATCGGTGATGTCATGGCATCTCGTATGGGGGAGATTGT 

TTACGCAAAGCTGTTGGCGCTGCCTCAGAAGTATTTTGATAATCAGGTCACCGGCACCATCATCGCCCGCCTTGATC 

GATCAATCAACGGCATCACGCAGTTCATGCAGAGCTTCTCCAACAACTTCTTCCCCATGCTCATC^ 

GTGCTGATTATTTCCGCGATTTTCTACTGGCCTCTGGGAATTCTGCTGGCCATGTTGTTCCCGATTTACATGTGGCT 

GACGGCGTTGACATCGAAACGCTGGCAGAAATATGAGGGCGAGAAAAACCATGAAATCC^ 

TCGCTGAGGTTGTCGGCCAGGTCAA6GTTGTTAAATCATTCGTCGCAGAGACCCGCGAGCTGGCTGATTTCGGTGGG 
. CGTTACGGCAAAACAGTAGCGATTACCCGGCCGCAATCCGGTTGGTGGCACCGCATGGATACTCTCCGTGC^ 
ACTAAATATCATCTTCCTGGCCATTCACCTGCTGATTTTCTACCGCACCTTGCACGGCCATTTCACCATCGGCGAC^ 
TGGTCATGCTCATCCAGCTTGTCACCy^TGGCGCAGCAACCGGTGTACATGATGAGCTACATCGTCC^ 
CGCGCCATCGCCGGCTCCCGCGACTACTTCGAGGTCATGGCGCAGCAGGTCGAGCCCACCGCCAATAAG^ 
CGACGCCACCCTCGCCTCAGACACTCCACGCATCAGTGTGGGCACGCCCGCCGCGCTGCCCGCTGGAGAACC^ 
TGGAATTCLAAAAACGTCACCTTCGCCTACGAAGAAGGCAAGCCGGTTATTXCCGACGTGTCCyiTTA 
GGCGAGCGCATCGCGTTGGTCGGTGAATCCGGCGGCGGTAAATCCACCCTGGTCAACCTTCTGTTAGGTCTGTAC^^ 
ACCAAACAGCGGCAGCCTTGCyWSTATGTGGCGTGGATGTTAAAGATCTGACTTCCGAGGAACTTCGCGC^ 
GTGTGGTCTTCCAGGACGCCAGCTTGTTCTCTGGATCTATTGCAGAAAACATCGCCTACGGTCGCCCAGGTGCC^ 
CGCGAAGAGATCATCGAAGTGGCTAAGAAAGCCyU^CGCy^CATGAGTTCATTTCCGCCTTCCCT^^ 
CGTCGTCGGTGAACGCGGACTCAAACTTTCTGGTGGCCAGAAGCAGCGCGTCTCTGTGGCACGGGCCATGCTTAAAG 
ATGCCCCACTTCTTGTTCTCGATGAAGCCACCTCTGCACTGGATACCAAGTCTGAGCAGGCAGTCCAAGCCGGTTTG 
GAACAGCTGATGGAAAACCGCACCACCTTAATGATCGCCCyVCCGCCTGTCCACCATCGCAGGCGTCC^ 
GACCATCCAAAACGGACGGGTTGAAGAGGTCGGATCTCCTACCGAGCTCGCAGTCTCAGGCGGTATCTAT^ 
TGCTGCGCCTGACCAACTCCACAGCAGAAGCCGACCGGGAGCGTCTGCGCGCCTTTGGTTTCAC^ 
GCTGAAGAAGAGGAC ^ 

>RXAO 087 8 -nucleotide sequence C: downstream 
TAGCCCCGCGAAAGAACAATCCC 



BASF A3ct:iengesellsclia£t 990617 O.Z, QQ50/.5012^4 

»RXA01 191 -amino acid sequence 
(1-1407, translated) 469 residues 

VSLDANTIET AGRGDVISRI ADDSREVSTA ASTWPLMVO AGFTWISAF GMAAVDWRLG LVGLVAIPLY 
WTTIiRVYLPR SGPLYTRERE AFGVRTQRLV GAVEGAETIiR AFRAEDTELK RIDAASGEAR DISISVFRFL 
TWAFSRNNRA ECITLVLILG TGFYLVNIDL VTVGAVSTAA LIFHRLFGPI GTLVGMFSDI QSASASLIRM 
VGVINAASNQ VSGTSPASAS TALTLFDVSH HYHTAPVIKN ASVQLEPGEH lAIVGATGAG KSTLALIAAG 
LliSPTSGQVA LGGSSFSNVE PEALRQKXAM VSQEIHCFRG SVUDNIJIIAR PEATDADIHA VLADIGDSWL 
ERLPQGIDTI VGDGAFRLTS VENQIMALAR VHLADLAIVI UDEATAESGS DHAKQLEDAA LKVTENRSAI 
IVAHRU^QAK TADRIIVMDS GEIIESGTHE EH^RAIGGRYE QLWTAWSAR 
>RXAO 11 91 -nucleotide sequence B: coding region 

GTGAGTTTGGATGCGAACACGATTGAAACGGCGGGGCGCGGCGACGTGATTTCGCGTATCGCGGATGATTCGCGGGA 

GGTGTCCACTGCGGCGAGCACCGTGGTGCCGCTGATGGTGCAGGCGGGCTTTACCGTGGTGATTTCCGCGT 

TGGCGGCGGTTGATTGGCGCCTCGGCCTTGTCGGTTTGGTCGCGATCCCGCTGTATTGGACCACGTTGCGCGTCTAT 

TTACCCCGCTCAGGTCCGCTTTATACGCGTGAGCGCGAGGCCTTTGGGGTGCGCACGCAGCGGCTTGTC 

CGAAGGCGCGGAAACCTTGCGCGCTTTCCGCGCAGAAGATACAGAATTAAAGCGTATCGACGCAGCCTCCGGC 

CCCGCGACATTTCCATTTCTGTTTTCAGGTTCCTCACATGGGCATTTTCCCGCAACAACCGCGCGG^ 

CTCGTGCTCATCTTGGGCACCGGCTTTTACCTGGTCAACATCGATCTGGTCACCGTCGGCGCA^ 

ACTGATCTTCCACCGACTCTTCGGTCCAATCGGCACGCTCGTGGGCATGTTCTCCGACATCCAATCC^^ 

CGCTGATCeGeATGGTGGGCGTTATTAAGGGGGCATCGAACCAGGTCAGCGGCACCTC^ 

GCTTTAACGCTTTTCGACGTCTCCCACCACTATCACACTGCACCCGTCATCAAGAATGCATCCGTGCA^ 

AGGGGAACACATCGCCATTGTGGGTGCGACCGGCGCTGGTAAAAGCACGCTCGCCCTCATTGCGGCAi^^ 

GCCCAACTTCCGGGCAGGTGGCTCTCGGCGGATCGAGTTTTTCTAACGTCGAACCGGAAGCATTGCGC 

GCGATGGTCAGCCAAGAAATCCACTGCTTCCGAGGATCTGTTTTAGATAATCTTCGTATCGCACGCCCCGAAGC^ 

CGATGCGGACATCCACGCCGTTCTCGCCGATATTGGTGATTCCTGGTTGGAGCGCTTACCGCAAGGCATAC^ 

TCGTGGGTGATGGCGCTTTCCGTTTAACCTCTGTGGAAAACCAGATCATGGCGCTTGCTCGCGTACATTTGGCCG^ 

CTACklAATCGTCATCCTTGATGAAGCAACGGCTGAATCAGGCTCTGATCATGCAAAACAC^ 

TAAAGTCACTGAAAAGAGATCy^GCCATCATCGTGGCTCACCGCCTCAACCAAGCGAAAAGCGCCC^ 

TCATGGACTCCGGAGAAATCATAGAATCTGGAACCCATGAAGAGCTTCGAGCGATCGGCGGTCGATATGAAC^ 

TGGACTGCGTGGTCTGCGCGC 

>RXA01191-nucleotide sequence C; downstream 
TAATTAGCCACCCAAGACCACGC 



' BASF Alctiengesellscliaft 990617 O.Z. 0^50/^01^4 

»RXA01212-ainino acid sequence 
(1-813, translated) 271 residues 
/gLNFHVQRGE VFGLIiGTNGA GKTSTLEVIE GLSAPSSGTV RISGLDPVAD RAILRPELGI MLQSGGLPSQ 
LTVAETMDMW HGTCTYPRAI KDVXADVDLU HKENVKVGAL SGGEQRRLDL ACAIiLGDPSI LFLDEPTTGL 
DPESRRHTWQ L.LI.DLKQRGV TMMLTTHyiiE EAEFLCDRIA IMNAGEIAVE GTLDELVARE KSIISFVLRG 
GQVEIiPVLSG AEIIRDNNHV RIATTTLQQH TLEILTWAAE TGIALEGFAA KPATLESVEM D 
>RXAO 12 12 -nucleotide sequence B: coding region 

GGCCTGAATTTCCATGTACAGCGCGGTGAAGTATTTGGTCTGCTCGGCACGAACGGGGCCGGC^ 

GGAAGTCATCGAAGGACTTTCCGCACCCAGCTCCGGCACCGTGCGCATCTCCGGGCTTGACCCCGTTGCCGACCG^ 

CGATCCTGCGCCCCGAGCTCGGCATCATGCTGCAATCAGGGGGCCTGCCAT^ 

GACATGTGGCACGGCACCTGCACGTATCCGCGCGCCATTAAAGATGTGCTTGCCGACGTCGACCTCCTACACCGC(^ 
' AAACGTCAAGGTCGGCGCGCTTTCCGGAGGCGAACAACGACGCCTTGATTTGGCCTGCGCACTGCTTGGC 
CAATTTTGTTCCTCGACGAACCCACCACCGGCCTCGACCCAGAATCTAGGCGCCACACCTGGC^ 
CTGAAACAGCGCGGCGTCACCATGATGCTGACCACCCACTACCTGGAGGAAGCCGAATTCCTCTGCGACCGG^ 
CATCATGAACGCCGGTGAGATCGCAGTGGAAGGCACCTTGGATGAACTGGTGGCCCGC 
TCGTGCTGCGTGGCGGGCAGGTGGAGTTGCCGGTCTTGAGTGGGGCTGAAATCATCCGCGAC^ 
ATCGCCACCACCACCCTGCAGCAGCACACCTTAGAAATACTTACCTGGGCTGCAGAG^ 
CTTCGCTGCAAAACCCGCCACCTTGGAATCCGTATTCATGGAC 



BASF Aktxenaesellscliafit: 990617 a,Z...005(l^5p;i?4 

III' ♦ • • •**• •**• 

: ..• 

»RXA02 095 -amino acid sec[uence 

(1-1404, translated) 468 residues ^ 
MKTEQSQKAQ LAPKKAPEKP QRIRQLISVA WQRPWLTSFT VISAIAATLF ELTLPLLTGG AIDIALGNTG 
DTLTTDLUDR FTPSGLSVLT SVIALIVLIA LXiRYASQEGR RYTAGKLSMG VQHDVRLKTM RSLQNLDGPG 
QDSIRTGQW SRSISDINMV QSLVAMLPML IGNWKLVIiT LVIMLAISPP LTIIAAVLVP IXLWAVAYSR 
KALFASTWSA QQKAADLT.TH VEETVTGIRV VKAFAQEDRE TDKLDLTARE LFAQRMRTAR LTAKFIPMVE 
QLPQIiALWN IVGGGYIiAMT GHITVGTFVA FSSYLTSLSA VARSLSGMLM RVQIiALSSVE RIFEVIDLQP 
ERTDPAHPLS LPDTPLGLSF NNVDFRGILN GFELGVQAGE TWLVGPPGS GKTMAVQIAG NFYQPDSGHI 
AFDSNGHRTR FDDLTHSDIR RNLIAVFDEP FLYSSSIPRE HLDGFGCQ 
>RXA02 095 -nucleotide sequence A: upstream 

CTCTCTTGGTCCTCTCCCCACCCATTTTTAAGTACTCAAGACCCTTCCAACAGAAAGGATTACTCCCCC^^ 
CAAAAATACTGAAAGGCTCACGC 

>RXA02095-nucleotide sequence B: coding region 

ATGAAAACTGAGCAATCCCAAAAAGCACAATTAGCCCCTAAGAAAGCACCTGAAAAGCC^ 

TATTTCCGTGGCGTGGCAGCGACCTTGGCTCACCTCATTCACCGTAATCAGCGCTTTAGCTGCAACGTTGTTTG^ 
TTACACTTCCTCTTTTGACCGGTGGCGCCATCGATATCGCGCTCGGAAATACCGGAGATACTTTAACCACTGACCTG 
CTGGACCGGTTCACTCCGAGTGGATTAAGCGTGTTGACCAGCGTCATTGCCCTTATCGTGCTTCTCGCGTTGCTTCG 
CTATGCCAGTCAATTTGGACGGCGATACACCGCAGGCAAG^ 
CGATGCGCTCATTGciGAACCTCGATGGGCCy^C^ 
4^TCGGATATCAACATGGTGCAAAGCCTTGTGGCGATGTTGCCGATGTTGATCGGAAATGTGGTCi^ 
TTTGrGTGATCATGCTGGCTATTTCCCCGCCGCTGACCATCATCGCTGCAGTGTTGGTGCCTTTGCTGTTGT 
TGGCCTATTCGCGAAAAGCGCTTTTTGCGTCCACGTGGTCGGCCCAGCAAAAGGCTGCGGATCTGACC^ 
GAAGAAACTGTCACGGGTATCCGCGTGGTCAAGGCATTTGCGCAGGAAGACCGCGAGACCGAC^ 
GGCACGTGAGTTATTTGCCCAGCGCATGCGGACTGCACGTCTGACGGCAAAGTTCATCCCCATGGTTGAC^^ 
CGGAGCTTGCTTTGGTGGTCAACATTGTtGGCGGTGGCTATTTGGCCATGACTGGTCACATCACGGTGGG^ 
GTGGCGTTTTCTTCGTATCTCACTAGCTTGTCGGCGGTGGCTAGGTCCCTGTCGGGCATGCTCATGCGCGTGCA^ 
GGCGCTGTCTTGTGTGGAGCGCATCTTTGAAGTCATTGiATCTTCAGCCTGAACGCACCGATCCTGCAC^ 
CACTTCCCGACACTCCCCTGGGTCTGTCGTTCAACAACGTAGATTTCCGTGGGATTCTCAACGGTTTTGAGCTGGGT 
GTTCAGGCCGGTGAAACCGTTGTGTTGGTGGGCCCTCCAGGTTCAGGCAAGACCATGGCTGTGCAGCTT 
CTTTTATCAACCAGACAGCG<k:CACATCGCCTTTGATAGCAACGGCCATCGCACTCGCTTCGACGACCTCAC 
GCGATATCCGCAGGAATCTCATCGCGGTTTTTGATGAGCCGTTCTTGTACTCCTCCTCCATACCGCGAGAACATCTC 
GATGGGTTTGGATGTCAG 

>RXAO 2 095 -nucleotide sequence C: downstream 
TGATGAGCAGATCGAACACGCAG 



BASF Aktiengesellscliaft 990617 O^^Z. 0050/50124 

• * ' ' ■ ' . • * ! , , ' 

»RXA02074-aiiiino acid seqfuence 
(1-1623, translated) 541 residues ' 

MRSLIiRDXPA VGWLITATIV VRTLWALVI VGIGLLIDVP SPAHSAMLWW VLAGATAAAA LLCAEAVLPQ 
RIRARVERSW RRQLAAKNXiE I*NSSSSDDAQ LITLATEATS KASTYTVMFL GPYFAVFLAP LTVIAWGAA 
ISWPIAGILC LGLCVIPFVI SWAQRMLKGA GAGYGRASGQ LAGVFLESVR TLGTTMMLNA AGQRRQIITQ 
RAENMRSQVM SLLYRNQIJ4I LVTDGVFGVA TTMVAAVFAI GGFFSGSLTL GQAVALVLLA RLLIDPINRM 
GRTFYTGMAG KPSLIAIEKA LATTF-TDQPT QQGQRHDGDL WNNLKIARD HRDIVHGISF SIPRGSHIAV 
VGPSGAGKSS VTU^ALSGT.T.F. FDGAISLGGH NCEMLDLRAS VSFVPQSPTL FSGSIKSNID LARTGVDSDH 
IHAALLGEEL PADL.KVGETG KGVSGGQAAR ISIARGLVKN AAVIVLDEAT AQLDYTNARQ VRHLAKSIiEC 
TLVEITHRPS EALDADFIIV I^EDGQLTMMD TPSNVSQHNA FFRTAVMEEE Q 
>RXA0207 4 -nucleotide sequence A: upstream ; 
CGGGGGAAGGCCGTGTCGCATGCTCGGGCTAGCCTTGGATCTCAAGAAGAATTCGACTGGTTTAAAGTCTGG^ 
AAGTGCAGAAAGGTTGTGGATTG 

>RXA02 07 4 -nucleotide sequence B: coding region 

atgcgctccctgcttcgtgatatccctgcggtgggttggctaatcaccgcgacgattgttgtgcgcacgctcgttgt 

tgcgctggtcatcgttgggatcggcttgcttatcgacgtcccctcgcccgctcattcagccatgttgtggtgggttc^ 

tggcaggtgccacggcagcagctgcgctgctgtgcgcggaagcggtgctcccccaacgtattcgtg^ 

cgatcctggcggcggcagttggctgctaaaaatctggagcxgaattccagttcgtcagatgatgccc^ 

actggcaactgaagc'cacctc^^ 

ccccactgacagttattgccgttgtcggcgcggctatttcctggccgattgcggggatactgtgcctcgggttgtgc 

gtgatacctttcgttatttcttgggcacagcgcatgttgaaaggcgctggcgcgggatacgggcgagcatctg^^ 

gttggcaggcgtgtttttggaatcggtgcgcacactaggcaccacgatgatgctgaatgccgctc^^ 

agatcatcacacagcgcgcagagaatatgcgctcccy^gtgatgtcattgctgtaccgaaatcagttg^ 

gtgaccgacggcgtgtttggagttgccaccacaatggttgctgcggtgtttgcgattggaggat 

tcttactctcggccaagctgtagcactcgtattgct6gccaggctgcttattgatcccateaaccgcatg<^ 

cgttttacaccggcatggcaggcaaacgctcgctgatcgccattgaaaaagccctcgcgaca^ 

ccaactcaacagggacagcgccacgatggggatctggtggtcaag:^ 

tgtgcacggtatctctttcagcattccccgcggttcccacatcgcggtggtaggtcccagtggcgctgg 

ctgtggctetagcgttgtccggacttttagagtttgatggtgcgatttccctcggcggccacaactgtgagatgtta 

gatcttcgcgcctcagtcagtttcgtgccccaatcccccacgctgtttagcggaagcatcaaaag^ 

ggcgcgcacgggtgttgattctgatcy^catccacgcagcacttttaggcgaagaactccccgcggacctca;^ 

gtgaaaccggcaaaggtgtctgcggcggccaagcagcacgcatttccattgcccgaggtttagtaaag^ 

gtgattgttctcgacgaggcgaccgcactactcgactacaccaacgcccgccaggttcgacatcttgccaaatc^ 

tgagtgcacgttggttgagatcacccaccgcccatcagaagccctcgatgcagacttcatcattgttttagagc^ 

gccaattgaccatgatggatacacccjvgcaacgtttcccagcacaatgcgtttttccgcaccgctgtga^ 

GAACAA 

>RXA02074 -nucleotide sequence C: downstream 
TGATTTCCCGACTTCTCCAATTG 



BASF Alctiengesellscliafit i990617 Cl^Z. 0050/50124 

' ^ ■ : 

»RXA02224-amino acid sequence 
(1-1797, translated) 599 residues 

MAQHERVADA LQPASLAESW RELKTMPSGP KAWWYVSFW ISWTWAMV GTSNLLGYSV DLINGQSLPL 
IGSGSTAMIW LLGLVGAGIIi AETAGRAI-LQ LVINTLARRL SVDUUCAALS SAU^VPVPDV MELGTGNVIS 
RLTQDIDNTV RIVGMVGVRL VITILILPSS LFAIMTIHWr FVILFIAVIV VLIPSGRKAV RAIPSATNIV 
SSTE/O^RNNL LLDTIRGIET LRVLKLGAWG VQRMRQASWT AVQATADRAP IFTRLLALGS lAYGLLLIGV 
FGLSAFWVAQ DAMSIGAATA AVFVWRMEI HVFNVLFFAS EIQSASTSXiG RAVSLAQMAR RTEQLSESAD 
CTEPPSVTVQ DVTFKYPGGV AIIiEDFNLVL EAGTTTALVG TSGAGKSTIA GVIAGLQRPD SGAVLVGGIN 
TATVTDTWTT RQVALISQEV HLFAGTIiAED 3LRMANAHATD AQLHAALESV GLGQMTTAFR RFFPSGLDTK 
IGAGAEELTP EIQQQISIAR IVLRNPPVLI MDEATSEAGS DDARMLEKAA TEIARNRTTL WAHRLDQAV 
VADRirVMEQ GTITEDGTHQ ELIAFEGRYA QLYQRWSAQ 
>RXA02 22 4 -nucleotide sequence A: upstream 

GCTTCGTCGAGGCCGGAAAACCGTCGTCATTACGTCGAACCCGACGTGGCACGGCGTCGCAAAGCAGATG 
ATTTTTCGGAAGGGGTGAAGTAG 

>RXA02 22 4 -nucleotide sequence B: coding region 

ATGGCGCAGCATGAGCGCGTTGCGGATGCGCTGCAGCCGGCGTCGTTGGCGGAGTCGTGGCGTGAGCTGAAAACG^ 
GCCTTCGGGGCCCAAGGCCTGGTGGTATGTGAGTTTCGTGGTTATTAGCGTGGTCACGGTCGTGGCGATGGT 
CGTCCAACTTGTTGGGCTATTCCGTTGATCTGATCAATGGGCAGTCGTTGCCGCTGATCGGTTCAGGATCGACCGC^ 
ATGATCTGGTTGCTTGGTTTGGTGGGCGCTGGAATTTTAGC^ 

CAACACCTTGGCACGTCGCCTGTCGGTGGATCTGCGGAAAGCTGCGCTGTCTTCGGCGTTGCGTGC^ 

ATGTCATGGAATTGGGCACGGGAAACGTGATTAGCCGCCTGAGGCAAGACATCGATAACACTGTGCGC^ 

ATGGTAGGTGTGCGTTTGGTGATCACCATTTTGATTCTGCCCAGCTCCTTGTTCGCGTTGATGACCATTCACTGGAC 

CTTTGTGATCCTGTTCATCGCAGTGATTGTGGTGCTGATTCCCAGCGGTCGGAAAGCCGTGCGAGCTATTCCTTCGG 

CAACAAATATTGTGTCCAGTACGGAGG^GCGTCGAAACAATCTGCTCCTCGATACGATCCGTGGCATTGAAA^ 

CGTGTGCTCAAGCTCGGTGCGTGGGGTGTGCAGCGGATGCGCCAAGCGTCGTGGACTGCGGTGCAAGC^ 

TCGCGCGCCGATTTTCACTCGTCTGCTCGCCCTTGGTTCGATTGCTTATGGCCTGCTGCTAAT^GGCGTGTTTGGGC 

tcagtgcgttttgggttgcccaggatgcgatgagcattggagcggcaacggcagcagttttcgtggttgtgcg 

GAAATTCACGTGTTCAACGTGCTGTTCTTCGCATCGGAAATTCAGAGTGCGTCTACTTCTCTTGGTCGCGCGGTGT^ 

. ccttgcccagatggctcgtcgcaccgaacagctgtctgagtctgccgattgcacagaaccaccctccgtgac 

AGGACGTGACGTTXAAATATCCCGGCGGCGTGGCCATTTTGGAGGATTTCAATCTGGTCTTGGAAGCAGGAACAA^^ 

acagcgctggtcggtacttctggtgcgggaaaatccacgctcgcgggcgtcattgcggggctgcagcgccctgattc 

cggcgccgttttggtcgggggcatcaacaccgccaccgtcaccgacacgtggactacccgccaggttgc^ 

gccaggaagtccaccttttcgcaisgcactctggcagaggatcttcgcatggccaatgcgc^ 

CTCCACGCAGCGCTCGAGTCGGTCGGGCTCGGGCAAATGACAACTGCTTTTCGACGTTTCTTTCCATCCGGATTA^ 

CACCAAAATTGGCGCCGGCGCAGAAGAACTCACCCCTGAAATCCAACAGCAAATCTCTCTTGC 

GCAATCCACCTGTGTTGATCATGGATGAAGCCACCAGTGAAGCCGGCAGCGATGATGCCCGCATGTTC^^ 

GCCACAGAAATCGCACGAAACCGCACCACCTTGGTTGTTGCGCACCGCCTTGACCAAGCAGTTGTCGCA^ 

CATCGTGATGGAACAAGGCACAATCACCGAAGACGGCACTCACCAGGAATTACTTGCTTTTGAGGGCCGCT^^ 

AGCTGTATCAACGATGGAGTGCTCAA 

>RXAb2 224 -nucleotide sequence C: downstream 
TAGTTCAAATCCACCACAAACTC 



BASF Aktiengesellsclia£t 990617 Q»2.,,005Q/5J5124 

• • » * * ♦ 

; fAppcn/iix h ft* B , f 

»RXA01947-amiho acid sequence 
(1-279, translated) 93 residues 

ILLDEPTNDIi DVETLGSLEN ALQNFPGCAV VISHDRWFLD RTCTHILAWE GNIAEGQWYW FEGNFEDYEK 
NKVERLGADA ARPSRVTHRK LTR 

>RXAO 194 7 -nucleotide sequence B: coding region 

ATCCTCCTCGATGAGCCTACAAACGACCTCGACGTGGAAACTCTGGGCTCCCTGGAAAATGC^ 

TG<^TGTGCAGTGGTC7VTTTCCCACGACCGTTGGTTCCTGGACCGCACCTGTACCCAC^ . 

ACATCGCGGAAGGCCAGTGGTACTGGTTCGAAGGCAACTTCGAAGACTACGAGAAGAACAAGGTG 

GCTGACGCCGCACGTCCTTCCCGTGTCACTCACCGCAAGCTGACTCGC 

>RXAO 194 7 -nucleotide sequence, C: downstream 

TAGAGTCGAAGCAGCGCTAAACC 



BASF Aktiengesellscliaft: . 990617 Q.Z, 0050/50124 

»RXA0194 6-amino acid sequence 
(1-1275, translated) 425 residues 

IRKYSRLEEQ FQSIiGGYEAD AEAAQICDNIi GLEARILDQQ LKTLSGGQRR RVEIAQILFA ATNGSGKSKT 
T T . T i T . D EPTNH liDADSITWIiR DFLAKHEGGL IMISHDVELL GAVCNKIWYL DAVRSEADVY NMGFSKYVDA 
RAIiDEARRRR ERANAEKKAG ALKDQAARLG AKATJCAAAAK QMIARAERMI DNUDEIRVAD RAANIVFPEP 
APCGKTPLNA KGLTKMYGSL EVFAGVDIAI DKGSRWVLG FNGAGKTTLL KLIAGVERTD GEGGIVTGYG 
LKIGYFAQEH DTIDPDKSVW QNTIEACADA DQQSLRSLIiG ' SFMFSGEQLD QPAGTL.SGGE KTRIiALATLV 
SSRANVL.LUD EPTNNUDPIS REQVIX>ALRT YTGAVVLVTH DPGAVKALEP ERVIVLPDGT EDLWNDQYME 
IVEIA ' ' 

>RXAO 194 6 -nucleotide sequence B: coding region 

ATCCGCAAGTACTCCAGGCTCGAGGAACAATTCCAGTCGCTCGGCGGCTACGAAGCTGACGCCGA^ 

CTGCGACAACCTCGGCCTCGAGGCACGCATCCTCGACCAGCAGCTXAAAACCCTGTCCGGCGGCCAGCGCCGCCGCG 

TCGAGTTGGCGCAGATCCTCTTCGCCGCCACCAACGGCTCCGGCAAATCy^AAAACCACATTGCTTCTCGAC^ 

ACCAACCACTTGGACGCAGACTCGATCACCTGGCTCCGTGACTTCCTGGCGAAGCACGAAGGTGGACTGAT^ 

TTCGCACGACGTCGAACTGGTTGGCGCCGTATGTAACAAGATTTGGTACCTCGACGCAGTACGCAGCG^ 

TCTACAACATGGGCTTTAGCAAATACGTCGATGCACGTGCACTCGATGAAGCACGCCGACGCCGTGAGCGC^^ 

GCCGAAAAGAAGGCCGGAGCCCTCAAGGACCAGGCTGCACGCCTCGGCGCGAAAGC^ 

GCAGATGATCGCCCGTGCGGAACGAATGATCGACAACCTCGACGAAATCCGCGTAGCT^ 

TTTTCCCAGAACCAGCAeeCTGTGGAAAAACeeCAeTeAAeGeCAAGGGeeTGAGCi^ 

GTCTTCGCCGGCGTCGACCTAGCCATCGACAAAGGCTCCCGCGTAGTCGTCCTCGGATTCAACGGTGCAGGTAAAAC 
CACCCTGCTCAAACTCCTCGCCGGTGTGGAACGCACCGACGGCGAAGGCGGCATCGTCACCGGATACGGCCTCAA^ 
TCGGCTACTTCGCCCAGGAACACGACACCATCGACCCCGACAAATCCGTCTGGC^^ 

GACGCCGACCAACAAAGCCTCCGCAGCCTCCTCGGATCCTTCATGTTCTCCGGCGAACAACTCGACCAACCAGC^ 

AACACTCTCCGGCGGTGAAAAAACCCGCCTCGCACTGGCCACCCTCGTGTCCTCCCGCGCAAACGTCCTGCT^^ 

ACGAGCCGACCAACJ^CCTTGACCCGATCTCCCGCGAACAGGTCCTCGACGCACTGCGCACCTAC^ 

GTCCTGGTTACCCACGACCCGGGTGCAGTCAAGGCCCTTGAGCCy^GAACGCGTCATCGTGCTTCCTGATGGCA 

GGATCTTTGGAATGATCAGTACATGGAAATCGTGGAATTGGCG 

>RXA01946-nucleotide sequence C: . downstream 

TAGGTTCTAAGGCTGTTTATGCT 



BASF Aktiengesellscliaft 990617 Q,Z. 0050/50124 

»RXA01 881 -amino acid sequence 
(1-441, translated) 147 residues 

MANIiINIiENV SKTWGLKTLL DGVSLGVQTG DRIGWGLNG GGKTTLLEVL TGIEKPDQGR VSHNSDLRMA 
WTQRAEIiND DDTVADWLG PLGLEVFEWA SNATVRDVLG GLGJVDLGUD TKVGQTFSGG RSADAPTWPP 
RWFATLT 

>RXA01881-nucleotide sequence A: upstream ... 
ACCGGCCCTGCGGCCTCAACCGCCGACCAGCGCGGCGCACACATTTTGACTGTTTCATAATAAAG^ 
ATCGGAGTCGAAGAAAAACCACA / * 

>RXA01881-nucleotide sequence B: coding region 

ATGGCCAATCTGATTAATCTCGAGAACGTCTCCAAAACCTGGGGATTAAAAACGCTTCTCGACGGTGTCTCCTTAG^ 

TGTTCAAACCGGCGACCGCATTGGCGTCGTCGGCCTCAATGGTGGCGGAAAAACCACCCTGCTGGAAGTACTTACTG 

GCATCGAAAAGCCGGATCAGGGCCGTGTGTCTCACAACTCTGACCTGCGCATGGCTGTGGTGACGCAG^ 

CTCAATGATGACGACACCGTCGCTGACGTGGTGCTTGGACCTTTGGGTTTGGAAGTTTTCGAATGGGCATCyU^CGC 

CACGGTGCGCGACGTCCTCGGTGGCTTGGGCyVTTGTCGATCTTGGCCTTGACACCAAGGTGGGGC^^ 

GTGGGCGAAGCGCCGAC6CACCAACCTGGCCGCCGCGCTGGTTCGCGACCTTGACC 

>RXA01881-nucleotide sequence C: downstream 

TGATCGTGCTCGACGAGCCCACC 



BASF AJctiengesellschaft 990617 . Q.Z. 0050/50124 

•••• 

»RXA02253-aniino acid sequence 
(1-927, translated) 309 residues 

MIQSTGVTHT DKSAQENPVK YRDNFTPVII TGMSGAGLST AARVIiEDLGW YVAHNIPPQI ILELIDMCAR 
EDSPVDKVAV VCDVRSREFR GSLTQWSEL RDKQLDPTVL FLEARDEVLI KRFDNVRRTH PLQGSQTLQV 
GIERERTVLS PVKEDASWI DTSDLSVHDL RRAIESSFRT lATRTQHVTI ESFGFKHGSP RDADEWDVR 
FLPNPFWVPE UIPFRGVDKP VSDYVLSQKG AEEFIM^FVD MLKDMLPGYR HEGKNFITIG VGCTGGHHRS 
VAVSEELAKR lADQTTLDVS WHRDINRH 
>RXAO 2 25 3 -nucleotide sequence A: upstream 

TGAGGACATTTCCCAAGTGAAAGGCTTCGGCCCGAAACTTGCGGAGGCTGTCTATGAAGGTCTTC^ 
AAGTAGATCGCTAGGATGTAACC 

>RXAO 22 53 -nucleotide sequence B: coding region 

ATGATTCAATCCACTGGGGTCACGCACACTGATAAGTCTGCACAAGAAAATCCTGTGAAGTAC^ 

ACCTGTCATCATCACCGGTATGTCAGGCGCAGGTCTGAGCACAGCAGCCCGAGTCCTCGAAGACTTGGGTTGGTATG 

TGGCGCACAATATTCCACCACAGATCATCCTGGAATTAATTGATATGTGCGCTCGGGAAGA^ 

GTTGCAGTCGTGTGCGATGTGCGCTCCCGTGAATTCCGCGGAAGCCTCACCCAGGTTGTTTCAGAGCTGCGTG^ 

GCAGCTCGATCCCACGGTGTTATTTCTGGAAGCACGCGATGAGGTGCTGATCAAGCGATTGGATAATGT 

CCCATCCTTTGCAGGGCAGCCAAACCCTTCAGGTGGGTATTGAACGTGAACGAACCGTGCTGTCTCCTGTGAAGG^ 

GACGCTTCJ^TGGTCATCGATACCTCGGATCTGTCCGTGCA 

AATCGCCACGCGCACCCAGCACGTCACCATTGAATCATTCGGTT 

TTGTGGACGTGCGTTTCTTGCCGAACCCATTCTGGGTTCCAGAGCTGCGCCCATTTAGGGGAGTGGACAAGCCAGT^ 

TCTGACTATGTGCTCTCCCAAAAAGGCGCAGAAGAATTTTTGAACAACTTTGTGGACATGCTCAAAGAC^ 

GGGATACCGCCACGAAGGAAAAAACTTCATCy^CAATCGGTGTCGGCTGCACCGGTGGACACCACA 

TGTCTGAAGAACTAGCCAAAAGAATCGCAGATCAGACCACGCTCGACGTGTCTGTAGTACACCGCGA 

GAG ■ ' ' \ \ ^ " 

>RXA02253-nucleotide sequence C: downstream 
TAGGAAAGGGGCCAACTAATTGA 



1 



BASF Aktlengesellscliaft 990617 Q.Z. 0050/50124 

»RXA02225-amino acid sequence 
(1-882, translated) 294 residues 

QTEERFGAAA DEALAIMLKE AKLQSLL.TFV RQLVPAVFSV GlilAYASIiLA FDGDITGGEM ISVTLLVPPS 
LTVLGVSIiGM MTEIWARGQA STKRVQNLVT EliDKAAAEPR PQPATFE FE E GITVWDPSTP EARDVIDREL 
EALQVREDVI VAPHRVSVFE GVLKDNLNPM GTIAPEMLRA ALHAASCEDI LSKLGADLNM PGEFEIiPDTL 
IGEAGIiNLSG GQRQRIALAR FLAVDPEVLI I*DEPTTGLDA VTLDEVAHRV EKLRRGRKTV VITSNPTWHG 
VAKQMQSDFS EGVK ^ 

>RXA02 22 5 -nucleotide sequence B: coding region 

CAAACTGAGGAGCGCTTTGGCGCAGCGGCTGATGAAGCCTTGGCAATCATGTTGAAGGAAGCTCGTCTGC^ 

GCTGACTTTTGTGCGCCAACTTGTCCCAGCGGTGTTTTCTGTGGGTCTTTTGGCTTATGCGTCACTGTTGGCTTTTG 

ACGGTGACATAACTGGTGGTGAGATGATCTCGGTGACGTTGCTGGTGCCACCTTCGTTGACTGTGTTGGGTGTGTCG 

CTTGGCATGATGACAGAGATTTGGGCTAGGGGACAGGCTTCGACAAAAAGGGTCCAA 

TAAGGCGGCCGCTGAGCCACGACCTCAGCCTGCCACCTTTGAATTTGAAGAGGGGATCACGGTGTG<^^ 

CACCTGAGGCACGCGATGTGATTGATCGGGAGTTGGAGGCGCTTCAGGTTCGCGAAGATGTCATTGTGGCTCCT^ 

CGCGTCAGCGTGTTTGAAGGTGTGCTGAAGGATAATTTGAATCCGATGGGCACTATCGCACCGGAGAT^ 

TGCTCTTCATGCTGCAAGTTGTGAGGACATCTTGAGCCGATTGGGTGCTGATCTGAACATGCC 

TTCC?yGATACCTTGATCGGCGAGGCCGGATTGAATCTCTCCGGTGGCCy^CGCCAGAGGATTGCTTTGG<^ 

TTGGCTGTTGATCCTGAGGTGCTCATTTTGGATGAACCGACCACGGGGTTGGATGCGGTGACCCTGGATGAAGTGGC 

ACATCGCGTCGAAAAGCTTCGTCGAGGCCGGAAAACCGTCGTCATTACGTCGAACCCGACGTC^ 

AGCAGATGCAATCTGATTTTTCGGAAGGGGTGAAG 

>RXA02225-nucleotide , sequence C: downstream 

TAGATGGCGCAGCATGAGCGCGT 



BASF Aktiengesellscliaft 990617 Q.Z. 0050/50124 

; fAWftwifx K ^- B. : 

»RXA0274 9-ajiiino acid sequence 
(1-876, translated) 292 residues 

MSPILKVRDL VKRYGDTVAV DGIiNFDVSQG EIFAFLGENG AGKTTTISCL IGIDQATSGE lELQGGQVDS 
EICLGWFQQS VLDPLLSAKE NLETRGQLYP GVGKQRVAQL lEQIGMEGFA DRRYGVLSGG EKRRTDIARA 
liLHSPDIIiFL DEPTAGIiDPR SRRQVWDTIN SLRNDVGLTV FLTTHYMEET ELADSVLIID RGKEVASGTP . 
MELRARYTTT ELTLRTNDPT HSGKELAHLS PEIDGDRLRI KLENGLEAAR LATEUDGVLD VEIRHGSMDD 
VFLAVTAERK RS 

>RXA0274 9-nucleotide sequence A: upstream 

CAACCTAGACTTCGGTAAGAAGTAACTTTGCTTTAGTTGGTCGGCGCATCACTTTCCCTAAGCGATGCGCCGATTAC 
TTGTTTTTGCTACAAATTTAACT 

>RXA02749-nucleotidG sequence B: coding region 

ATGTCACCCATCCTAAAAGTGCGGGACCTCGTCAAACGCTATGGCGACACCGTTGCGGTTGACGGTTTAA^ 
TGTTTCACAAGGGGAAATTTTTGCCTTTCTAGGGGAGAACGGCGCAGGAAAAACAACCACGATTTCATGCCT^ 
GCATTGATCAAGCCACCTCTGGGGAGATCGAACTGCAGGGTGGCCAAGTAGATTCTGAAAAACTTGG^ 
CAACAATCCGTCTTAGACCCTTTGCTGAGTGCCAAAGAAAACTTGGAAACACGCGGACAC^ 

GAAGCAGCGGGTTGCACAGCTCATTGAGCAAATCGGGATGGAAGGGTTTGCGGACCGCCGATACGGAGTGTTGTC 

GCGGTGAAAAACGTCGCACCGACATCGCACGAGCTTTACTGCACAGCCCAGACATTCTTTTTCTTGATG^ 

GCAGGCCTCGACCCCAGATCACGACGCCAAGTTTGGGACACCATCAATTCCCTGCGTAACGATGTGGGCCTC^ 

CTTTTTGACCACTCACTACATGGAAGAAACAGAACTGGCTGATTCAGTTCTAATCATTG^ 

CATCAGGAACCCCGATGGAACTGCGCGCCCGTTACACCACAACAGAATTGACTCTTAGAACy^^ 

TCGGGTAAAGAGTTGGCCCACTTGAGCCCAGAAATCGACGGTGACCGACTGCGGATCy^GTTGGA 

AGCTGCGCGCCTGGCAACAGAACTAGATGGGGTTCTCGACGTAGAGATCCGCCACGGTTCCATGGACGA 

TAGCAGTTACAGCTGAACGGAAACGATCA 

>RXA02749-nucleotide sequence C: downstream 
TGATTACAGTTCTGACACGCAGA 
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BASF Aktiengesellschaft 990617 Q,Z^, 0050/50124 

»RXA02 571 -amino acid sequence 
(1-1029, translated) 343 residues 

WALTQIVGP SGSGLTRELE KRYRETPGAV MLTADPRAHI TYIiRATVAEE LAFGI^QRGI VPAQMWERVR 
NIGLGLENLL DRAPAQLSGG QTRRIAIGTV AILEAPTMLL DDPLSGLDTS SRAQLITMLE SYEGDVIVAA 
HKRVTLDAPTV YLGDLEELSL PARVEFSGPS RTFSAITGTR GQQRRRWWQF NESQPQFQIG PLDITVSAGQ 
VliWLQGPNGS GKSTLLRGLA NEPGTEIMLQ NPSDQVIDST VANWVPGSNS EEHPLDLSQR ELRIAQCDAA 
LGNNPEVLLA DEPDVGI*DVG GRNAIHQRFA DFLGNGGALI LTCHDETFVA EVAEYAIVKE MGL 
>RXA025 71 -nucleotide sequence A: upstream 

TGGACAGGCCGGGGCCGCGTACGGTGTTGGTTGAGGTGGTGGAGGGGCGCGTCGAAAAGCATTGTCGCTGGTTGTTG 
CCGCTTTTGGCAGTCGGGATGGC 

>RXA02571-nucleotide sequence B: coding region 

GTGGTGGCTCTAACTCAAATCGTCGGACCGTCCGGCTCCGGGCTCACGCGGGAATTGGAAAAACGCTACCGGGJ^ 

GCCCGGAGCGGTGATGCTGACCGCCGACCCGCGCGCGCATATCACCTJ^CCTGCGCGCGACy^GTCGCCGAG^ 

CCTTTGGGCTGGAACAACGCGGCATCGTACCCGCGCAGATGT6GGAGCGCGTCC(3AAAC^^ 

AATCTGCTAGACCGCGCACCCGCGCAACTTTCCGGCGGGCAAACACGGCGGCTGGCGATCGGCACCGTCGCC^ 

AGAGGCGCCAACGATGCTTCTCGACGACCCCCTCTCCGGTCTTGATACCTCCTCGCGAGCCCAACTCyVT^ 

TGGAATCATATGAGGGCGATGTCATCGTCGCTGCGCACAAGCGGTGGCTCGACGCGCCGACTGTGTACTT^ 

TTGGAGGAGCTGTCCCTGCCTGCGCGGGTGGAATTTTCCGGTCCJ^TCGCGAACGTTTTC^ 

CGGACAACAACGCCGACGCTGGTC^^ 

. TTTCTGCAGGTCAAGTGCTGTGGTTGCAGGGTCCCAATGGTTCAGGGAAGTCCACACTCCTGCGTGGTC 
GAACCCGGCACTGAATTGATGCTGCAAAACCCTAGCGATCAAGTCATTGACTGCACTGTTGCTAATTGGGTG^ 
CAGTAACyVGTGAAGAACATCCGCTGGATTTATCGCAACGCGAACTCCGCCTTGCCGJ^TTC 
ATAACCCGGAAGTTTTGCTTGCTGATGAACCCGACGTCGGCCTTGATGTCGGCGGTCGAAACGCCATCCAC 
TTTGCGGATTTCTTAGGGAATGGGGGAGCGCTGATCCTGACCTGCCATGATGAAACCTTCGTGGCAGAGGTAGC 
ATACGCGATAGTGAAGGAAATGGGGCTC 

>RXA02571 -nucleotide sequence C: dovnnstream 
TAGGTTTCTTTGGACCAAACCAC 



BASF Aktiengesellscliaft 990617 0^2^ 0050/50124 

• JXpp^»adJ.x Ji ^ • ^ ; • I 

»RXA02547-ainino acid sequence 
(I72124, translated) 708 residues 

AARLTVDEYP AAREAIoESAG QRNVEDRTRA VDEFKAADQE LSSLSKGSSN lEYRU^QVRE NLCQDLGVSP " 
RDMPFAGELI DPNNAEWEPV VQRILGGFAA EMLVPHGLLP RVRDWVNAKH . LAALLKFNGV VTTGEYKTSR 
FPADSLIRKV DWESPFRDW VNQELGKRFN IRCVRTPEEL SALGPRDQGV TILGVRKFAQ QTGDPTTRWE 
KDDRRKLGDR STYRLGSTND AKVETLRETV KAGKAWQAA DNRIAT^NRAE LRELERQYQA SQEILKVSWA 
QIDVESADAA lAELDRLLEE LNNTPEATEL SARHEAAKQT LARVSDLLVA AQSEETVASM NLKRAETELK 
RLESLPVAEV SEEIAREVEK LFIANTRRVH AANVDEQTIA LREDLDKQID ANEAELRRCE NQIVGI3URSY 
lETWPANRAD LQAEPEFVGE AINRLGELRS DRLAEFTAKF LGLMNEMSTR NLGQISRRLR DARREIEERI' 
EPINASLAQS EFNEGRFLHI DIRDQSGPIV REFQQKLDAA TSGDLGTSTE KQAFARYALI AEIISKLASH 
DSADARWRNT VLDTRRHVRF IGI^ERDSDGA TVNTYVDSAS LSGGQAQKLV FFCIAAALRY QIAEPGAHYP 
TYATVIUDEA FDRADPAFTR QTMNVFHSFG FHMVLATPLK LIQTLGDYVG STIWSYTEK PNAQGAIQCa^ 
SSFSRIEK 

>RXA0254 7 -nucleotide sequence B: coding region 

GCTGCGCGGCTGACCGTGGATGAGTATCCGGCGGCGAGGGAAGCGGTTGAATCTGCAGGTCAGAGGAATG 

CCGAACCCGTGCGGTTGATGAGTTCAAAGCGGCGGATCAAGAGCTGTCTTCTTTGAGTAAAGGCAG^ 

AGTACCGTTTGCTGCAGGTGCGGGAAAATTTGTGTGAGGATTTGGGCGTGAGCCCGCGGGATATGCCCTTTGCCC^ 

GAGCTGATTGATCCGAATAATGCGGAATGGGAACCCGTTGTGCAGCGCATTTTGGGTGGTTTTGCTGCGGA 

GGTTCdTCATGGGTTGTTGCCACGGGTTCGGGATTGGGTAAATGCCAAACATTTGGCA 

GCGTGGTGACAACGGGGGAGTACAAAACCTCGCGTTTTCCGGCGGATTCCCTGATCCGAAAAGTT^ 

TCGCCGTTTCGCGATTGGGTAAATCAAGAATTAGGCAAGCGTTTTAATATTCGGTGCGTGCGCACTCCTGAGG^ 

GTCGGCGCTGGGGCCyi^CGCGATCAGGGCGTGACCATTTTGGGTGTGCGAAAATTTGCGCAGCAG^ 

CGACGCGTTGGGAAAAAGATGATCGCCGAAAGCTGGGGGATCGTTCCACATACCGTTTGGGTTCCACCAATG^ 

AAGGTGGAAACGCTTCGGGAAACCGTGAAAGCTGGCAAAGCAGTTGTGCAGGCAGCTGATAATCGCATTGCTG^ 

CCGCGCTGAGCTGCGGGAACTTGAACGGCAGTATCAAGCTTCGCAAGAAATTTTGAAAGTGTCGTGGGCTCAC^ 

ATGTGGAATCAGCCGACGCGGCGATTGCTGAGCTGGACCGATTGCTGGAAGAGCTGAACAACACTC^ 

GAGCTTTCCGCGCGGCATGAGGCGGCGAAGCAGACGCTCGCGAGGGTTTCTGACTTGCTTGTCGC^ 

GGAAACCGTGGCGTCGATGAACCTGAAACGCGCCGAAACTGAATTGAAACGGCTCGAAAGCCTGCCGGTTGCGC^ 

TTTCTGAAGAAATCGCGCGGGAAGTGGAGAAACTATTXCTTGCCAACACCCGCCGGGTTCACGCCGCC^ 

GAGCAGACCATTGCGCTGCGCGAGGATCTGGACAAACAAATCGATGCCAATGAC^^ 

CCAAATTGTTGGCATTTTGCGCAGCTATATTGAAACGTGGCCTGCGAACCGCGCTGACTTAC^ 

TTGTTGGTGAGGCCATCAACCGCCTCGGCGAGCTTCGCAGCGATCGTTTGGCAGAATTCACGGCC^^ 

CTCATGAACGAGATGTCCACCCGAAACCTCGGCCAAATCTCGCGGCGTCTACGTGATGCGCGCCGGGAAATCGAGGA 

GCGCATCGAGCCGATCAACGCCTCCTTGGCGCAGTCGGAATTCAACGAAGGTCGCTTCCTGCACATCGAC^ 

ATCT^AAGTGGTCCGATTGTGAGGGAATTCCAGCAGAAACTTGATGCCGCTACCAGCGGTGACCTGG^^ 

GAGAAACAAGCCTTCGCCCGTTATGCGCTGATCGCTGAAATCATTTCCAAACTCGCCTCCCACG^ 

CCGCTGGCGCAACACCGTTCTAGACACCCGCCGCCACGTTCGCTTCATCGGCCTCGAGCGCGATTC 

CCGTCi^CACCTACGTCGACTCCGCATCACTTTCAGGCGGACAAGCC^ 

GCCTTGCGCTACGAGCTAGCCGAACCCGGCGCCCATTATCCCACCTACGC(^CCGTCATTCTGGACG;^ 
CCGCGCCGACCCCGCCTTCACCCGCCAAACCATGAACGTCTTCCACAGCTTCGGCTTCCACATGGTGCT^ 
CGCTGAAACTTATCCAAACCCTCGGCGATTATGTCGGCTCCACCATCGTGGTCAGCTACACCGAAAAACCA^ 
CAGGGCGCAATTCAGGGCAATTCCAGTTTCTCTAGGATCGAGAAA ^ 
>RXA0254 7 -nucleotide sequence C: downstream ' ' , 

TAACATGCCATTGTTTATCGACG 



BASF AJctiongesellscliaft . 990617 O^z, 0050/50124 

♦ rXppModJLx JV. B, * • I I 

»RXA.01604-aiiiino acid sequence ^ 
(1-606/ translated) 202 residues 

DTPFADVEIA PDSGLTLiST GRESQSSSFS LVLSGFIMRAS TGTIELNGEP IKA.TKIAKHV ALAGIPEIDS 
LERLVTVRTV VREQLAWSSP WYI21VPRDIS DSGRWVDVEK HLGlWIiNPKT LIGDIiSVLER FKT.PTAT.at.t. 
ARPEAQLLW DDPDQVRSME LRAEVLHALK GVAEDIiPVW VSTNPDFDSL ADTALTITGA GN 
^ >RXAO 1604 -nucleotide sequence B: coding region 

GACACACCCTTCGCCGATGTTGAGATAGCTCCAGACAGCGGACTCACTTTGCTGAGCACCGGGCG^ 

CAGTTCCTTTTCTTTGGTACTTTCCGGCCGCATGCGCGCCTCCACCGGAACCATCGAATTAAACGGCGAAC^ 

AGGCAACCAAGCTGGCCAAGCATGTGGCTTTGGCGGGCATCCCTGAAATCGATTC:^ 

CGCACCGTTGTCCGTGAACAACTCGCCTGGTCAAGCCCTTGGTACCTGATGGTGCCCAGGGATATTAGT^ 

ACGGTGGGTTGACGTCGAAAAGCATCTTGGCCTGAACCTGAACCCTAAAACCTTAATCGGCGACCTCAGCGTGC 

AGCGTTTTAAGCTGCGCATCGCGCTGGCGCTGCTGGCGCGGCCAGAGGCGCAACTGTTGGTCGTGG^ 

CAAGTGCGCAGCATGGAATTGCGTGCGGAGGTGTTGCy^CGeATTGAAAGGCGTTGCAGAGGATCTCCCTGTGG 

GGTATCCACCAACCCyVGATTTTGATTCCTTGGCCGATACCGCTTTGACCATTACGC^^ 

>RXA0'1 60 4 -nucleotide sequence C: downstream 

TAATGGCATTTTTACACTTTGGC 



BASF Akt:iengesellsclia£t 990617 Q.2. 0050/50124 

»RXA00456-sunino acid sequence 
(1-312, translated) 104 residues 

VLQAIiLAIMV SliSVAAIIiEG NRAIiVGLLIA TTLGLGVAQW IQKWAEDLG QHYVHEVRRE LVGAALVPGN 
TASLGVTVTR ASNDLTAVRN WVALGIVPMV TGLP 
>RXA00456-nucleotide sequence A: upstream 

CTCACCAACCCGGAGATCGTCACAGCGGTGCTAACGGATCATGCCTAGCTTATGGCGTGCTCGTCGCAGACT 
TCATTGCCCTAGGTGTACTTGGT 

>RXA00456-nucleotide sequence B: coding region 

GTGCTGGAGGCACTGCTGGCGATCATGGTGTGGTTGAGCGTAGCCGCCATACTTGAGGGAAACCGAGCACTTGTTGG 

ATTGCTGCTTGCTACCACGTTGGGTTTGGGGGTGGCGCAGTGGATTCAAAAAGTAGTGGCAGAAGATCTAGGCCA 

ATTATGTGCATGAGGTGCGTCGTGAATTGGTGGGTGCTGCGCTGGTGCdTGjGAAATACGGCCTCGTTGGC^ 

GTCACCCGAGCCAGCAATGATCTCACCGCGGTGCGCAATTGGGTGGCTTTGGGCATTGTTCCGATGGT 

GCCG ' 



BASF Aktlengesellsclia£t: 990617 O^Z^. 0050/50124 

; cXpp^apd5.x ?l ^ '^^j J 

»RXA0024 3-amino acid sequence 
(1-927, translated) 309 residues - 

VTSEQALDPI HPGQFRLSRI QLINWGTFHG TVDIPVTREG ILVTGGSGSG KSTLIDAITA VLLPQGKLRF 
NSAAQANTPR NKGRSLVTYI RGAWRAQEDP LQDQIVSTYL RPRATYSLVG LTYSNGEGVE HTLVAIFYLK 
SGHNLTSDIS SYYGVFPVDQ DINALLDFLK EGIDKRQIRA AFKEAIFSEQ HSVFSGRFRS RLGISSEEAL 
LLLHRAQSAK DLQSLDDLFR DYMLVEPDTF SIAKTAVEQF QDIiEGAYEQV EDIKRQIHTL DPLVQLKNRR 
EKAQQSKDHA NALKKALPTV GNRIKKEEQ 
>RXAO 02 4 3 -nucleotide sequence A: upstream 

CACTGCGCCAGATTTTTGATGCCGACACTGTGGCAGGTGTGCGCGCTGAGTACGAAAAATTTAACAAAGCAGCC^ 
GATGGAAATGAAGAGGAACAGAA , 
>RXAO 02 4 3 -nucleotide sequence B: coding region 

GTGACCAGCGAACAAGCTTTAGATCCTATCCACCCaVGGTCAGTTCCGTCTTTCTCGGATTCAGTTGATC^ 

AACCTTCCACGGAACGGTGGACATTCCTGTGACCAGGGAAGGAATCTTAGTTACCGGTGGTTCGGGATC^ 

CCACGCTGATTGATGCGATCACGGCGGTATTGCTTCCGCAAGGAAAGCTGAGGTTTAACTCTGCCGC^ 

ACTCCGCGGAATAAGGGACGCAGTTTGGTTACCTATATCCGTGGCGCTTGGCGTGCGCAGGAGGATCCGCTG 

TC7^GATTGTCTCCACGTACCTACGTCCCCGCGCAACCTATTCGCTGGTTGGATTGACTTATTCG?^CGGTGAAG 

TCGAGCACACeTTGGTGGCTATTTTCTATCTGAAATCGGGACACAATTTAACCTCCGAT^ 

GTGTTTCCCGTTGATCy^GACATCAATGCGCTGCTGGATTTCCTGAAAGAGGGCATCGATAAACGCCAG^ 

TGCTTTCAAGGAAGCCATCTTTAGCGAGCAGCATTCTGTATTCTCCC^^ 

GTGAGGAAGCTTTGCTGTTGTTGCACCGCGCGCAGTCGGCGAAAGATCTTCAAAGCTTGGATGATCTAT 

TACATGCTGGTGGAACCGGATACGTTCAGCATTGCCy^AAACTGCCGTGGAACAATTCC^ 

TGAGCAGGTCGAAGATATTAAACGGCAGATCCACACCCTGGATCCTTTGGTGCAGCTGAAGAATCGGCGA^ 

CGCAACAGTCCAAAGATGATGCCAATGCT^CTGAAGAAGGCGCTGCCGACTGTCGGG^ 

CAA ^ 



BASF Al^tiexigesellscliaft 990617 0^Z» 0050/50124 

; ; ^rvmd^ x 'A ,s B, \ , : \ , • 

»RXA00259-amino acid sequence 
(1-2202, translated) 734 residues 

MSGLFTPFSD AAKNNTVKTD GDSVSGRDLP ITKISEDRFE RSAYSAQLAN IICDVAPWGA STVFSLTGQW 
GSGKTSLVNL IRSEESLSNE KWTIVDFNPW VASDPQSLIE EFYRVIVGTV PDDKTGQKIK TVTiQKTFSTI 
GSIAGGVGGF GVLEALALSK GVDAANAVYK TWKQEQDSWP TLYTRAANHF KDLNKRILIV VDDIDRLHTD 
ELALLMKVIR LLGRFPQVNY LLVYEEESLL TTLARSTAVG GSEDDALRFM EKIVQYPFDV PPLTSFQIEK 
ELSAIiFDKLF QGVSLSGDPE DFALVKSRMF DVWEKTLVTP RLLHRFAALL TNWTRIYGSG EVNGVDLTIL ' 
ATIRIVFPSV YKRLSRAKEV LLQGGRTTGS ^QKPGWEKQLC EGMNNEQMDL, .LKTMLLFLFP RLSDHPSTRM 
HRERGISTEV YFDTYLMFQR PGHVISDEQL DKYLSNADDA MGFVDLINSD DNDMVASVMK. KLPLAIDRLD 
GEGVRHMAVE VliFTAANGMH DKGRQVRMSG IFSDLYSHAC SILGALPQLP VEQLYEICFFS EMTIiNEAT^FW 
LNQVGERARA CGNDVSGI-EL FRKVNIKTEA RILSVliKNQD PSDWDLGPYS LGILAKSSNF SSVLKSLQSG 
lEEHQFDVID IGVLFLTTVY SSRQGPSGGA WIDSFQHSLF SRYVPDSI^RA ITKSEVDVEL GKIQFTDFSW 
EGKRKWAYA LETGRSDFTR ERLGGYSIAD SIVD 
>RXAO 02 5 9 -nucleotide sequence A: upstream 

GGCCTTATTAACATACGGCGGTTCTAGCACACAGCGATGGATGATGTGTCCCACCGJ^TATTGCTG^ 
TTTAGCACGGTACAGTGCTAGAA 

>RXAO 02 5 9 -nucleotide sequence B: coding region 

ATGAGCGGACTGTTTACCCCATTTTGAGATGCGGCAAAAAACAACACGGTAAAAACTGATGGAGATTC^ 
^TCGAGACTTGCCTATTACTAAGATC^TCTG^ 

TCTGCGATGTGGCACCTTGGGGAGCGAGCACTGTTTTCAGTCTTACTGGTCAGTGGGGCAGTGGTAA 

GTTAATTTGATTCGCTCGGAAGAATCTCTATCGAACGAAAAATGGACyUVTCGTTGATTTCAAC 

TGACCCGCAATCTTTGATTGAGGAGTTTTACCGAGTAATCGTTGGGACGGTACCTGATGATAAGACCGGCC^ 

TCAAAACTGTTCTGCAGAAAACCTTTAGCACGATTGGGTCAATTGCAGGTGG<MTCGGA(^^ 

GCACTTGCGCTCTCAAAAGGAGTAGATGCTGCAAACGCTGTATATAAGACATGGAAACAGGAGC^ 

AACGCTGTATACACGTGCTGCGAACCATTTTAAAGATCTGAACAAGCGAATTCTCATTGTCGTCGATGAT^ 

GCCTCCATACTGATGAATTGGCGCTGTTAATGAAAGTAATACGCTTGCTTGGACGATTCCCGCAGGTGA^ 

TTGGTTTATGAAGAAGAATCACTGTTAACGACGCTAGCCAGATCGACAGCTGTAGGTGGTAGCGAAGATC^ 

GCGTTTCATGGAGAAAATCGTGCAGTATCCTTTCGATGTTCCGCCTCTGACATCATTTCAAATAGAGAA^ 

GTGCATTATTTGACAAGCTTTTCCAGGGTGTTTCGCTATCGGGTGATCCTGAAGACTTTGCACTAGTGAAGTCGAGA 

AT6TTCGATGTCTGGGAAAAGACTCTGGTCACGCCGAGGCTGTTGCACCGTTTTGCTGCTCTACTAACCAACTGGAC 

TC6GATATATGGATCAGGTGAAGTTAACGGCGTTGATCTCACAATACTTGCGACCATTCGAATTGTT 

TGTATAAACGTCTTTCTCGAGCGAAGGAAGTATTGCTTCAAGGAGGTCGAACGACAGGCTCGCAGAAACCCGG^ 

GAAAAGCAATTATGTGAGGGGATGAACAACGAGCAGATGGATCTTTTAAAGACCATTC 

TCTTTCGGATCACCCTAGTACGAGAATGCATCGTGAGAGGGGGATCTCGACGGAAGTTTATTTTGAC^ 

TGTTTGAAAGACCTGGACATGTCATAAGTGATGAACAGTTGGATAAGTATCTATCTAATGCGGACGATGCT^ 

TTCGTCGATTTAATTAACTCCGATGACAATGACATGGTGGCATCA.GTGATGAAAAAGCTTCCT^ 

ACTTGATGGAGAGGGTGTTAGGCACATGGCAGTTGAGGTGTTATTCACCGCTGCTAATGGTATGCATGATAAAC^ 

GTCAAGTGCGTATGAGCGGCATATTCAGTGACCTGTATTCCCATGCGTGCTCGATTCTTGGTGCATTGCCTC^^ 

' ccagtggaacaactctatgagaaattcttttctgagatgacgcttAatgaggctgctttctggttaaacca^ 

GGAAAGGGCTAGAGCCTGTGGTAATGATGTAAGTGGCCTTGAGCTTTTTCGTAAAGTTAATATAAAGACCGAAGCTA 

GAATTTTAAGTGTATTGAAGAATCAGGACCCCTCAGATTGGGATTTAGGTCCATATTCGCTTGGTATTTTGC^ 

AGCTCGAATTTTTCTTCAGTGCTGAAGTCTCTGCAAAGTGGTATAGAGGAACATCAGTTTGATGTC^ 

AGTGCTTTTCTTAACGACTGTGTATTCTTCGCGACAGGGACCAAGCGGTGGTGCATGGATAGATTCTTTTCA 

GTCTGTTTTCACGGTACGTACCTGATTCTCTACGGGCTATAACCAAGTCTGAAGTAGATGTAGAACTAGGTAAGATA 

CAGTTCy^CGGATTTTAGCTGGGAAGGGAAGCGAAAAGTTGTCGCATATGCACTGGAGACTGGT^ 

TCGAGAACGATTAGGGGGCTACAGTATCGCAGATTCTATAGTCGAT 

>RXA00259-nucleotide sequence C: downstream 

TGATGAGGCTGAGGTCATGACTT . ' 



BASF A3ctiengesellsclia£t: 990617 Q,Z, 0050/50124 

»RXA001 64 -amino acid sequence 
(1-1689, translated) 563 residues 

VGRIPRAKWW FLGALVLLSA GAYASVLVPQ VLGRIVDLVS DGAQMRDFVE LSVILIAVAI AGAVLSACGF 
YWSRISEKI lANIiREDMVG TALGLPTHQV EDAGSGDLVS RSTDDVSELS AAVTETVPIL SSSIiFTIAAT 
IIALFSLDWQ FVLIPVWAP VYYFASKHYL SICAPDRYAAE RAAMAERARK VI.EAIRGRAT VRAYSMEDAM 
HNQIDQASWS WVKGIRART TMLII.NMWML FAEFLMIAVA LVIGYKLVID NALTIGAVTG AVI^MIIRLRG 
PMNMFMRVIib TIQSGYASLA RIVGWADPP IPVPDSGVKA PQGKVELRNV SFSYGDSWAV KDIDITINSG 
ETVALVGASG AGKTTVAALL AGLRVPDQGQ VLVDDFPVSH LSDRERIARL AMVSQEVHVF SGTLRQDLTL . 
AKPDASDEEL AHALGQVNAL DVTLESLPEGL DTWGARGIQ LEPWAQQLA LARVLLLNPA IVIMDEATAE 
AGSAGASALE EAADAVSKNR SALWAHRLD QASRADQILV MDKGEWESG THQELLDHGG lYQRLWTAWS 
VGR ^ . f 

>RXA001 64 -nucleotide seG[uence A: upstream 

CTGCTTTGCGGGAGGTTATGAAATGAGTGGGGAGACGTeGAAAAGCATGCGCTTTCCGTTGGCCAGCCTGCCG^ 
TGCGGCGCGAGGTGGCCCGGCAG 

>RXAO 01 64 -nucleotide sequence B: coding region 

GTGGGTCGTATTCCGCGGGCGAAGTGGTGGTTTTTAGGCGCGCTGGTGTTGCTGAGTGCGGGCGCTTATGCGTCGGT 
GCTGGTGCCGCAGGTGCTGGGGCGGATTGTGGATCTGGTGTCCGATGGCGCGCAGATGCGTGATTTTGTTGAGCTCA 
GTGTGATTCTCATTGCGGTGGCAATTGCCGGCGCGGTGCTCAGTGCGTGCGGGTTCTATGTGGTGTCGC(^^ 
GAG^GATTAfCGCCAAfTT^ 

GGGCTCTGGCGATTTGGTGAGCCGCTCCACCGATGATGTCTCCGAGCTATCCGCAGCGGTGACAGA 

TTTTAAGTTCCTGACTGTTTACGATTGCCGCGACGATGATTGCGCTGTTTTCTTTGGACTGGCAATTTGTGCTCATT 

CCTGTCGTGGTGGCGCCGGTGTACTACTTCGCGTCCAAGCACTATTTGAGCAAGGCGCCGGA 

ACGCGCGGCGATGGCGGAGCGTGCGCGAAAGGTACTTGAGGCTATTCGCGGGCGTGCAACT^^ 

TGGAAGATGCCATGCATAATCAGATTGATCAGGCGTCGTGGTCTGTGGTGGTCAAGGGTATTCGTGC 

ATGTTGATTTTGAACATGTGGATGCTGTTTGCGGAATTCCTCATGCTCOCGGTCGCGTTGGTGATCGGCTAC^ 

GGTCATTGATAATGCGCTGACGATCGGCGCGGTTACCGGTGCCGTGCTGATGATTATTCGTCTGCGTGGCCCG^ 

ATATGTTCATGCGCGTGCTCGACACCATTCAATCCGGCTATGCGTCGCTGGCGCGCATCGTGGGAGTTGTTGCC^^ 

CCGCCGATTCCTGTGCCCGACAGCGGTGTGAAAGCACCTCAGGGCT^GTGGAATTGCGCAA 

TGGCGATTCCTGGGCGGTGAAAGACATCGACATCACGATCAATTCCGGCGAAACTGTCGCGCTCGTG<^ 

GCGCAGGTAAGACGACGGTCGCCGCCTTGCTGGCGGGCTTGGGGGTGCCAGATCAAGGGC;^ 

TTCCCCGTCTCTCACCTCTCTGACCGCGAGCGTATCGCCCGCTTGGCCy^TGGTCAGCCAGGAGGTTCATGTTTTC^ 
CGGCACGCTGCGCC^GGATCTCACCTTGGCTAAACCAGATGCCTCCGATGAGGAATTAGCGC^ 

TTAATGCCCTTGACTGGTTGGAGAGTCTTCCAGAAGGACTGGACACGGTCGTTGGTGCGCGAGGAATCCAGCTAGAA 
CCAGTGGTGGCTCAGCAGTTGGCGTTGGCCCGGGTGTTGTTGCTCAATCCGGCGATCGTCATCATGGATG 

ggcagaagcaggatcggcgggtgccagcgcactggaagaggctgcagatgca:gt^ 
tggtggcgcaccggttggatcaggcatcgcgggctgatcagattctggtgatggataagggggaggttgtg^^ 

GGTACTCACCAGGAGTTATTGGATCACGGGGGTATTTATCAGCGTCTGTGGACTGCGTGGAGTGTCGGA^ 
>RXAO 01 64 -nucleotide sequence C: downstream 

TAGTTGACTGTTCAATGCGTTGA r . ■ 



BASF Aktiengesellscliaft 990617 p. 2. 0050/50124 

\ ^ ' ' t . r ; ' ' ; 

»RXA001 65-aLia±no acid sequence • 
(1-1416, translated) 472 residues 

VASAGMAASF ICNGLTPVIV GKAVDEAIGT SDLQRLWFWI AMIAVLFLTA MTVNWIARYM LVRSQQLVSH 
DUyylLVTDRI QDPRGFAGBCE RTAGGLLSIA SSDTQRVGDI VMMTVFPVAE LASIIYGAW MYSINPWLSV 
AVLIGGPLIiV WAIQVSKPL QKRSGARQQA VAQAAATATD WQCLRILKG LGAIVTVRRR YEAISGEAYR 
KTVHADAAEA RLNGVTDAAG AIFVSALGIG AGFLALQGQM SIGDLITWG LTQFLIMPMT MLGRNVASRW 
ASAEASAKRI RGVIiGADFER VSAHDADKAE EIIQQLAKGL TVIRGTDEQIj VEVLEQLPRT RVIVAPHAAD 
LFDQSVRDNV HPVAEVAEKA lEVASCDDIP GGSSKIVGEG GRiLSGGQRQ RVAiARAIAF DPEVLVLQDP 
TTAVDSVTEQ NIAQQVAAHR AGKVTIVFSE APAWSAVADQ HVEAAAIiREV MK 
>RXAO 01 65 -nucleotide sequence A: upstream 

AAACCTCCCCGGGCCCGGCGCGCGACCGTCCAAGATGCCGGCGTTGGATGCCAAATTATGGACTCTC^^^ 
TGTCGCAGCGGCCGTGGAGCTTT 

>RXA00165-nucleotide ; sequence B: coding region 

GTGGCGTCTGCTGGCATGGCGGCGTCTTTTATCTGCAATGGGTTAACGCCTGTGATTGTGGGTAAGGCGGTGGATGA 

GGCTATTGGCACGAGCGATCTGCAGCGATTGTGGTTCTGGATTGCCATGTTGGCGGTTCTTTTCTTAACGGCGATGA 

CGGTGAACTGGATTGCTCGGTACATGTTGGTGCGGAGCCAGCAGTTGGTCAGCCATGATTTGCGCATGTTGGTGACT 

GATCGGATTCAAGATCCGCGTGGTTTTGCTGGAAAAGAGCGCACTGCGGGTGGATTGTTGTCGATTGCGTCATCGGA 

TACGCAGCGGGTGGGCGATATCGTCATGATGACGGTGTTCCCGGTGGCGGAATTGGCGTCGATTATTTATGGCGCCG. 

TGGTGATGTACAGCATTAATCCGTGGTTC^ 

CAGGTCTCAAAGCCGTTGCAGAAGCQTTCGpGTGCTCGTCAGCAGGCGGTGGCA 

TGTGGTGCAGGGCTTGAGAATTTTGAAGGGTTTGGGCGCGATTGTCACGGTGCGCCGTCGGTACGAGGCGATTTCTG 

GTGAGGCTTATCGGAAGACGGTTCATGCGGATGCTGCGGAAGCTCGCTTGAATGGTGTCACCGATGCGGCG 

ATCTTTGTGTCCGCGTTGGGTATTGGAGCAGGATTTTTGGCGCTGCAAGGTCAGATGAGTATTGGTGATTTG^ 

GGTTGTGGGACTCACACAGTTTTTGAT(^TGCCGATGACCATGCTTGGTCGAAATGTGGCATCGCGCTG<^^ 

CGGAGGCGTCGGCAAAGCGTATTAGGGGAGTGCTCGGTGCTGATTTTGAGAGAGTGTCTGCGCATGATGCGC^ 

GCTGAGGAGATTATCCAACAACTTGCCAAAGGTTTGACGGTTATTCGAGGC^ . 

AGA6CAGTTGCCACGTACTCGGGTGATTGTGGCTCCTCATGCGGCGGATCTTTTTGATCAAAGTG 

TGCATCCCGTGGCAGAGGTCGCGGAGAAAGCCATTGAAGTTGCCTCCTGTGACGATATTCCAGGTGGTAGTTCC^ 

ATTGTGGGCGAGGGTGGACGGTTGCTCTCGGGTGGTCAGCGTCAGCGCGTTGCACTGGCTCGGGCGATTGCTTTT^ 

TCCAGAGGTGTTGGTGCTTCAAGATCCCACAACGGCAGTGGATTCTGTGACGGAGCAAAAC^ 

CAGCACACCGTGCAGGAAAAGTGACCATTGTGTTTAGTGAGGGACCCGCGTGC^ 

GAGGCAGCTGCTTTGCGGGAGGTTATGAAA 

>RXa601 65 -nucleotide sequence C: downstream 

TGAGTGGGGAGACGTCGAAAAGC 



BASF Alctiengesellscliaft 990617 o.z. 0050/50124 

»RXAOO 188 -amino acid sequence ' ' 

(1-1443, translated) 481 residues 

LGEFIYTMKN VRKAIGDKVI LDNVYMSFYP GAKIGWGPN GAGKSSILKI MAGUDQPSNG EAFLDPGATV 
GIIiliQEPPLN EEKTVRQNVE EGLGEIFEKK QRFDAIAEEM ATNYTDELME EMGVLQEALD AADAWEIDSK 
IDQAMDALRC PPSDEPVTHL SGGERRRVAL AKL3.LAEPDL LLLDEPTNHL DAESVLWLEK HLADYKGAVL 
AVTHDRYFLD HVAQWICEVD RGOLHPYEGN YSTYLEKKAE RLEVSGKKDQ KLQKRLKDEL AWVRSGAKAR 
QAKNKARLQR YDEMVAEAEK YRKLDFEEIQ IPTPPRLGNK WEVKDLEKG FDGRVLIKDL SFTLPRNGIV 
GVIGPNGVGK STLFKTIVGL ENPDAGSVEI GDTVQLSYVD .QGRENIDPEK TVWETVSDGL DYIIVGQNEM 
PSRAYLSAFG FKGADQQKPS KVLSGGERNR I.NLALTLKQG GNLILLDEPT NDLDVETLGS L 
>RXA00188-nucle6tide sequence A: upstream i 

TGCTGTAAGGCCCACTTGCCCGAGGTCCCTAAATTGGCGCTGCTCATGTAATCTTGTGCGTTGAGTACTTAAACGCA 
AATTCGCATTTAAAGGGGTTACA 

>RXA00188-nucleotide secjuence B: coding region 

TTGGGCGAGTTCATCTACACGATGAAGAACGTGCGTAAGGCAATCGGTGACAAGGTCATCTTGGAC^ 
GTCCTTCTACCCAGGCGCCAAGATCGGTGTCGTCGGACCCAACGGTGCCGGTAAGTCATCGATCTTGAA^^ 
CTGGGTTGGATCAGCCTTCCAACGGTGAAGCATTCCTGGATCCAGGTGCAACCGTGGGCATCCTGTTGC^ 
CCACTAAACGAAGAAAAGACTGTTCGCCAGAACGTCGAAGAAGGTCTTGGTGAGATCTTCGAAAAGAAGC^ 
CGACGCCATCGCAGAAGAAATGGCAACCAACTACACCGACGAGCTCATGGAAGAAATGGGC6TTC 
TGGAGGCAGGTGATGGGTGGGAGATeGACTeCAAGATCGACCAGGCAATGGATGCATTGCGTTGC 
GAGCCAGTTACCCACCTCTCCGGTGGTGAGCGTCGCCGCGTCGCACTGGCAAAGCTTCTGCTTGCAGAGCCAGATCT 
GCTGCTGCTCGATGAGCCTACTAACCACCTTGACGCCGAGTCCGTCCTGTGGCTGGAGAAGCACCTCGCTGAC^^ 
AGGGCGCTGTCCTTGCCGTGACACACGACCGTTACTTCCTCGACCACGTTGCACAGTGGATCTGTGAAGTTGACCGT 
GGTCAGCTGCACCCTTACGAAGGCAACTACTCCACCTACCTGGAGAAGAAGGCAGAGCGCCTCGAAGTTTCTGGC^ 
GAAGGATCAGAAGCTGCAGAAGCGCCTGAAGGACGAACTCGCATGGGTTCGTTCCGGCGCTAAGGCAC 
AGAACAAGGCTCGTCTGCAGCGTTACGACGAGATGGTTGCGGAAGCTGAGAAGTACCGCAAGCTCGACTTCGAAGAA 
. ATTCAGATCCCAACCCCACCACGCCTGGGCAACAAGGTCGTGGAGGTCAAGGACCTGGAGAAGGGCTTCGATGGCCG 
CGTGCTGATCAAGGACCTGTCCTTCACCTTGCCTCGTAACGGCATCGTCGGCGTGATCGGACCTAACGGTGTGGGTA 
AGTCCACCCTGTTCAAGACCATCGTTGGCCTTGAAAACCCAGACGCAGGCAGCGTTGAAATCGGCGACACCGTCCAG 
TTGTCCTACGTGGACCAGGGCCGTGAAAACATTGATCCAGAAAAGACCGTTTGGGAAACCGTTTCCGACGGACTCGA 
CTACATCATTGTCGGACAGAACGAAATGCCATCCCGCGCATACCTGTGCGCCTTCGGATTCAAGGGCGCAGATCAGC 
AGAAGCCATCCAAGGTCCTCTCCGGTGGTGAGCGGAACCGCCTCAACCTCGCGCTGACCTTGAAGCAGGGCGGAAAC 
CTGATCCTCCTCGATGAGCCTACAAACGACCTCGACGTGGAAACTCTGGGCTCCCTG 



Claims 

f^!!'^^^^^^'^"<^*'^i<^^cid molecule 6omCoO'««^dar/enum ' 
MCT protein, or a ponion ihereof.-' 

2. The isolared nucleic acid molecule of claim 1 . wherein said nucleic acid molecule 
encodes an MCT protein involved in the production of a fine chemical. 

3: An isolated Corynebacierium gluramicum nucleic acid molecule seleaed from the 
1 0 group consisting of those sequences set forth in Appendix A, or a portion thereof. 

4; An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth in Appendix B. 

15 5. An isolaied-nucleicacid molecule which encodes a naturally QccuiTing allelic variant 
of ^ polypeptide selected from the group of amino acid sequences consisting of those 
sequences set forth in Appendix B. 

6. An isolated nucleic acid molecule comprising a nucleotide sequence which is at least 
50% homologous to a nucleotide sequence selected from the group consisting of , 
those sequences set forth in Appendix A, or a portion thereof. ' 

7. An isolated nucleic acid molecule comprising a fragment of at least 1 5 nucleotides 
of a nucleic acid comprising a nucleotide sequence selected from the group 
consistmgofihose sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1-7 under stringent conditions. 

) 9. An isolated nucleic acid iholecule comprising the nucleic acid molecule of any one 
of clauns 1 -8 or a portion thereof and a nucleotide sequence encoding a heittolocous 
polypeptide. 
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1 0. A vector comprising the nucleic acid molecule of any one of claims 1-9. 

1 1 . The vector of claim 1 0, which is an expression vector. 

12. A host cell transfected with the expression vector of claim 11.. 

13. The host cell of claim 12, wherein said cell is a microorganism. 

14. The host cell of claim 13, wherein said cell belongs to the genus Corynebacterium 
or Breviba'cteriufn 

15. The host cell of claim 12, wherein the expression of said nucleic acid molecule 
results in the modulation in produaion of a fine chdnucal from said cell. 



1 6. The host cell of claim 15. wherein said fine chemical is selected from ihe erouo 
Z'S^^ f ""^"^^ ""^t' pro^einogenic and nonproTeino8^?c^o acf^purine 
^lifS^', ri'"'^'^"' ""'^^'^^tides, lipids. saturLd and.unsat^ed 
^ids. d.ols, carbohydrates, aromatic compounds, vixamins. cofaaor 



rinnt'l^?.'^'^'"^ ^polypeptide comprising cuhuringthe ho.t cell of claim P 
m an appropnaie culture medium to, thereby, produce the polypeptide. . 

1 9. -nje polypeptide of cl^m 1 8, wherein said polypeptide is involved in the production 
ot a fine chemical production. « ujc ^jiouucuon 

^n!?cw"^** polypeptide comprising an amino acid sequence selected from the group 
consistmg of those sequences set forth in Appendix B = group 

•>0 ^i!^^^^ polypeptide comprising a naturally occulting allelic variant of a 

ofthosesequencesseiforThinAppendixB,oraporTionthereof 

'"Sit^rSe^s:''^ 

23. An isolated polypeptide which is encoded by a nucleic acid molecule comprisinc a 
■ ^J~^^^^^q"«^ce which is at least 50% homologous to a nucleic a"SX«d 
from the group consisting of those sequences set forth in AppendLx A. 

26. The method j3f claim 25. wherein said method further comprises the step of 
recovering the fine chemical from said cuhure. Pnses ine step oi 

^ ^J^""^ 25. wherein said method further comprises the step of 

^^T"^"^"^^ "^^^^^^^ eell is selected from the group consisting of 
CorynebacienumgJuwmicum, Corynebacterium herculis. CurynebLeriuTlUium 
CorynebacrenumaceroacidophUun^CorynebacrenumaceroS^^^^^ 



Corynebacierium acetophilum. Corynebacrenum amnioniagents. Corynebactcrium 
fujiokense. Corynebacierium nirrilophilus. Brevibacierium ummoniagenes. 
Brevibacterium buianicum, Brevibacierium divoricaium. Brevibacierium jiavum, 
Brevibacierium healii. Brevibacterium ketogluiamicwn. Brtvibacierium 
keiosoreducium. Brevibacierium lactofermemum. Brevibacierium linens. 
Brevibacierium paraffinoiyiicum. and ihose snaiiis set forth in Table 3. 

30. The merhod of claim 25, wherein expression of the nucleic acid molecule from said 
vecior results in moduJaiion of production of said fine chemical. 

31. The method of claim 25, wherein said fine chemical is selected fi-om the groxip 
consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, samrated and unsaturated 
fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cofactors, and 
enzymes. 

32. The method of claim 25, wherein said fine chemical is an amino acid. 

33. The method of claim 32, wherein said amino acid is drawn from the group consisting 
ot: lysine, glutamate, glutaraine, alanine, aspartate, glycine, serine, threonine, 
methionine, cysteine, valine, leucine, isoleucine, arginine, proline, hisiidine, ' 
tyrosine, phenylalanine, and tryptophan. ' , 

34. A method for producing a fine chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molecule of any one of 
claims 1-9. 
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CORYNEBACTERIUM GLUT AM I CUM -GENE, DIE PROTEINE CODIEREN, DIE AN 
DER MEMBRANSYNTHESE UND MA MEMBRANTRANSPORT BETEILIGT SIND 

5 Zusammenf assung der Offenbarung 

Isolierte NukleinsauremolekuLe, "die als MCT-Nukleinsauremolekule 
bezeichnet werden und neue MCT-Proteine aus Corynebacterium glu- 
. tamicum codieren, werden beschrieben. Die Erfindung stellt zudem 

10 Antisense-Nukleinsauremolekule, rekpmbinante Expressionsvektoren, 
die MCT-Nukleinsauremolekule enthalten und Wirtszellen, in die 
die Expressionsvektoren eingebracht worden sind, bereit. _Sie 
stellt weitertiin isolierte MCT-Proteine, mutierte MCT-Pro.teine , 
Fusionsproteine, antigene Peptide iind Verfahren zur Verbesserung . 

15 der Prodiiktion einer gewunschten Verbindung aus C-. gluta/nicum be- 
reit, die auf der genetischen Manipulation von MCT-Genen in die- 
sem Organismus beruhen. 
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